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~ laet decade ba.s ~rought about e1'l0moua growth ill afforte to'Nlll'ds 

understandi~ the properties of a pla~a. Phis growth hoo cane pr:l.mariJ.a' tram mo 

sourcee; the. controlled thermonuclear :r·esearoh p:rogrm and the space pro~1;11~_, 

both of which have lent support to m~ reseat'Ch :t'1e lda with overlapping 

inte:reeta; ine:t:runen1at1:on for plemr1a di~stica, a. :f'iold ooneemod mfdnly 

wt th meaaurcm~nt ot plE;wa temperatures and pru:oticle denei ties hoe consequent]¥ 
. e· . . . . . 

developed 'ttl a ~t extent. Di~stio methode .now include a boat of tcchniquoe 

and spoctroaoopy, ', 

~e moat admirab~ suited ana versatile mett1od for obtaining knowlod~ of 

pl~~sm.as li.es in their 1:n'OOraction with ulea:tlUO..~t~o wa.voe. Al:t.~ow)l pla.ama can 

mlPJ:.'OI't a vaxiety o:t wav(u'IJ w1 th 1'!-oquenoy as low as the ion eooustie frequency • 

IZlltd · reQu!roG not ottl¥ an unders-::anding of the fcmal ·theot-y o~ elec·tl."'!l1ae;mtic 

intcrootiom with plJ;t£mlew; but ol.eo develoJlmont of an intut1ve Elktll in eelecttna 

complicated to rmrmi t e:mct fo:unulat;.on and oolution. 

F.ietorl.oal.ly, the subject o£ miorowa.ve di~st:tos 1s not mrt. -The 

lsbora.tory expe:rlm.ents of Van der l'ol ( 1920) to demonetrato that ch8.1'ged p.."1.rt1elea 

. -h~lve a larr.,~ influence on e~ecti~tic wave propagation did much to oet·Ue an 

:tmport:::tnt controversy of. the day, whether or not an ionosphere we.s reepone1ble 
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' ' ' 

1ncludiJ3B a deDSi ty 4ependazi~ tem that wu later named the plaane. treq;wnq by 

torilua aDd ~u1r ( 1929 ),, 
• . 

.. The improved microwave technolo&V tollow:l.:ng warld wat .II opened new 
. . . . ' . =- ~ • 

eZ})anaee ot the freqUiincy epeotr\1'!1• The pioneering theoretical, work of Mar~nau 
' . . . 

( 1946) 2M experimentel work ot .~ondi and ;'31mm ( 1949) in 4evelop1~ _resonant 
' ' . ~· ' 

p~aa, _performed by Rr:~F• post and others in %4e:r.~a:cy 1n 1952, stimulated th~ 
• !:> • • ' 

• '.' ~ • t 

dev~lo~ent ot microwave diagnoatioo aa a standard measuring toobnique· 1n project 
• ' - ' ' • • • ~ ~ • ' • • I • I 

~~Cod i-ts•earch (V,harton •t• aJ. •. 19551 Hert,\ld 1956 )• The wave pro~atton c'hal'a~ 
. . ' . . . . 

c•#•t1o8: a,S a. function o:t electi'On c}.~na1ty, magnetic tield, and. direction of .. ~ .. ,. 
r ' ' . • 

proj~ation· have ~.an etud1ed by Allis,, ~heba\111 en4· ~re (1963); Sttx {1962)~ 
:.::.:.-·: .: . . ,·. . ,• . ' . ' . " 

Th~.'.:pl"Ob~ f)f onerg .flow ill an an1eotropto1 dis,l)orsive.t loesy .meoim becomes, 
. ,,.. . . -

'exc~·~d:t.ng~ ocnp11cated. 1lhe problem 1n tlle. pla&ma c~n~xt is d~uou.eed .et ' 
•-.. 

··' .. ' 

frtD probing With electroolagmt_io waves, the moat canmon uaaga. )las been to . 
· .. ':.:··. '.· :·,· . ,· .. 

meae~ the average. electron dc®ity. Procedures for obta~ profile 
' " '. ' I ' 

' 
Wo~t:i.an have. ooon developed bJ ,ll.ottey and Heald. (1959) and: by IDlarton aid· 

' I ' 0 ' ' ' 

parallel pola:r~eat1on case. i'lleir da:ta.redwt1on· procedure 1e to. ealib.rate the 
' • ; ,, • : ' ~· • .' 

1 
' • t • • • • T ·' , 

peak'~leo·tron density by moans of tho out-Qff ot f:;\' ''low~frequenoy'''wave am . . . 

'' '· 

9bt$ ~fo~tion from the eimultaneoue:J.y o,bael."Ved phase sh:l.:tt of_ a "h:le.h-. . . - . . ' . . . . 

fretlua~y- wa.Ve. lfottey: ·ond Heaid ( 1959) • ua:t~ 4ifferent po~~tiona 11 . 
' ' . . 
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reuouenee thtl) multiple polari~:a·tion technique, when applioabht is somewhat more 

. ' ' '• 

:l.netanta of t:tsne .£or wbioh ·cutoff occura; the :Mottot_ .and Heald tecbn1que I.e limited 

- ~ eituatione wherf! the_ cyc_lotron treq,uency :1s_·o~able ·to t};lc plae:ma frequ~pcy· 

ana. :1& accu:rat013' k:ncml. . 

. . · For very lo,w densities• the cwJ;ty pe~turbation llt:.~thod can be used for the 

meae~ent oi electron dtnwity it -tho cavitY.· can ·be· :Ulcorporated into the pl.Maa ., ' 

veeeei •. 'lb& convent:Lo-a lfd.crow:;we ::aOO':tl'wd, ,jf measUring plaaa ek(;tron demJ.i ·ty ~ 

co~ta 1n 1ntrodU!l~r.i8 tlla p~ed.nto a resonant 'microwave c~vit,y t:ul4 mtt~urinl 

the emoun.t ot detuainei'._\'fhicb tnepiaoma ca~Ge• 1ne amount of detuning to eJ.ec·tron · 

density alii co~eion t~qwnc:r Qe dtsouaeed by~· K$rr, Biondi, ~r~t am· 

~ (1949)~a · fh,; c~nventionnl m.athod is limited 1n its "-''~li4iv·':1io ralat1:ve)¥: 

:W·~ oollOentra.tion. ( ~ ·1c{J om_, · >~· Jrollowlllg ·a· t.~oratical developme~t by· .t~rosoa 
( 1957) a: ~thad t$ preuontea by ~~bebat8 and a~ (~957) wb.et~ by muob h;i.~r 
denei tift8 can· b(! meaa~~ ~ method i.e based on eliW~t1n@ the ·~t~t of. a.c • . ' ·:' 

apace ~barge oa 'the ·probing microwa-Voe fiel.d• tis is acccmpliehed b.y e~.U1"1rlg 

tbet ·the elec'tl1.c field be eve:a.v .re perpendiculer i;, ·electro~ denei ty gradieata. 

s.o~Brown ( 19SS} disousaes seveml. modes which can' be ''used ·for lOW· densities w1 tb . . 

~ without maptie :fiol.d and f~l~ h1P, denattiee Wbel'f}. w < Wpt ttbe:i-e' w 1a 

.: the f:req,uenciy of: p:robiDg a1gnal ·IZ\Bl. c •. )P' the electren pJ;88ma freci~mY. · -

'._For w > > . w p g, . ' . w ) ! .. J \• . (. v 1e. the colJ.ta~on t,Nquenei ~f~r: 

·';''mt.D~nttm transfer ) b' TM~IO mode 'gtvea 'a ~quencr o~ft l'ewlting ~ the 

_.. 

6W·. 

w 
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wbiob can bo uaed \'d.tb. Ol" wi tnou.t en axial magnetic field aUIOo E 1• ~l 

to B • 

W"nen the elec.tron dene;t ty 1&, .Mnuntto:rm inside tho plaema1 aa 1a AeftJ"~. .. - . . 

denoity -n and a gecmetrqw :factor~. . ' . . . . '. 
~w ; ,::-~a:n •. T1Je :tactor a, conatmt 1n 

. ' 

time, ia calc~ te4 tor vartollfl gecxaetrical, conditions and the ~sulta tabula~ 
' :1 

or plotted by ·Oakm .( 1957 ), ~ebe\tls ana - (1m). Electron temperature or 
' ' 

more geDJrell;y tho electron Yelocity dietribu'tion 04'\'D. al.uo be measured by 

electrcm~tic wave probini• Acco:rdinfi to hot pl~a theor.y .ffoots ar1ae at . ' 

the second higher hamonioa of the electron cyclotron :t'raquenc:r. e;tven b:r 

· w<~~ = .· e. B (n1e • Tllose e:f:roo·ts are attributed to tho finite $12le o~ the 

eleat'ron gyration ~:tua. 1'heq'U.!lei•transvert!le e~rdinary mode hruii been 

em,pl.Oyed at 70 & l1z to V'eri:f)" ·the }red1cted reasonsn:i~ Width' EUld d"pth. 

Lindle~F ~ Nemn (1.961 ) ¥1oeeented. a microwave di~atic~ tor helium 

ces:t.w plwwas. ( at pressures 4o tp 700 tamG Hg. ani tempe!'a'tUl"e upto '000° k ) •. 
' ' ' 

1bey used the theory or the interaction ot an electromagnetic wave W1 th a plnma 
' • • • J 

for mcrcwnvc die.snristic measu.re~nte. one ?f th& ts1mt,loat J!1icrowo.ve d188Met1c 

exp~rimonte ie trfJ:ll'Jmiaaion attenuation m__eoourement in ·an isotropic plasma. '.tWo 

rooieto.x•c f.U'e ~ eo that thepa.th between thom,. pe,soos tlU'Ougil the ;region to . ' . . 

be' e·~wied. When ihe · pltWmo. denoi ty in ~he. path re~hoe a. value b1gh enough 'tha:t. 

w~ · app:t"Oachcs w , the tliaMid.t"~ed ·o:1gnru w11~ ~ attenuated~ 

Tran&aieeion llYld rotleotion,ot Bhort elec~tic. pulsea (f'/ 10-9 eeo.) 

hoe been l11!1ed ·oo detetmine tl:le electron deno:t 1tf • From ana~eie o:f the time .na,pee 

Of thU tr~i·l;t.ed DUd. reXloCt<lH1. signals both dependi.n.z OD Wp and. Obsenation Of 
' ' ' 

. the ·trlltlSient r.it'J,ging which .appror..ohos WP w1 thin a tew cycle$ n"' can b.e 

aewxtW.led witllitl t~ eroo.ll9r than 10•1 eec. 



lteenan and IG1~ (1964) developed a. microwave dieg..'OOStia {'t$chnique) sy~'tezn: 

· wh.t~h permits X-bEmd (8840 llo/aec) ~ave suide transmteeion 1n ~ ™.a, mode throush . 

this plasma wt thou:t o.pprec1ab:J3 loedi~ ·the refe excitation coil~ S$mple . slotted 

Una. probing teolmiquce bflvf.l beend:tveloped. \>Vhioil ere capable of measuring .the point 
" ·. " . . -~ . .. . ' 

ueing on:ly a single morowave. frequ.el.lCy. : · 

Vtba:t'ton and ~a.rdna:t" (1959) da'Vieed the. micrawmt£! $.ntertaromet9r for the · 

41atU'..OBt1e mea.o~ement. l t 'is p~tioular~ uaoful in .mat:'l.BUrementr.t on tran:a.ient 

pla~ •. A rto~o eopllisttoat•W interfe~w:r. 1s 'tM "~e-e!lif't". 1nterf~~.ter 

(Heald, 1959 )., In this ~pa the pbaae sb1f.t·.ts plot~(} ·diT.aotJJ on the oaetlloeooJMt, 
' -

anc1 .the ef:f'eota of anpUtude vnriatio:ru::t 4lre diaerJmias:ted againet. 

·Gierke et•. al. .{1961), Sohlute• (1961.), Li.a:Ltane end Pfutter (196't)lw.ve .meneured 
. . ~ 

' . . . ' . . 

ot r • .t. levol. 'the · Vtllues o:f peak dehei -ey a..~ cpat1nl- distd.but;ion obt~d ~ 
,• I • ~ ' . 

1n ~at;oncblf;l agreemcn'l: With OP'tifJ<:.;.l ~ p;nbE? data as wall ae with microwave 

. ph• eh:tt't maasw:emcnte ac~roas the pluema ooluun• 

'\1a•t"'-' in ;plllEmSS ere -SJtt'bjocted to a ho·st of reaon;anoes at which the refractive 
' < ' 

index goee to i!lt:l.nity s~b ae ut ~e .ion tmil- eleotron cyclotron frequaooy- and at 

}Wbrt.d :tre'l'UG~Z/ •. ~!u::.th in·texeet h!ite b~en geneJ::>~:rted by · the recen-t observation ot 

such :resonmloes t)f:fects· in· ionosplwre resulti;ng much theo:rottoal ~t?ork •. Sime ·su:m 
' . ' 

roeo:mmce mwlve a, the ma~tic tield una- 11<1,. -tlw· electron demity,. a Vef'!J 

wroful di.Sgnoetic me ub.od is' t"MUJ.able provided "~ e:xperil.lmnt~- obee~. 

l\~fiOllW2CeEf are (,1\):r:t'eotly reln.te4 ... GO W..,~ and Wp when the ~:tsaion :frequency 
' ' 

fe 'vcr:/ neur the cyclotron lf:requeney and· th~ collicion l"atf3 13 ·low I tha pla~ 

refractive i~ex m~ be ·verc'{ high e~ec1all3 it: t.""le donait-; is h1G1 •. In low temperature 

).aborato:ry . :p~, howev()r{ the Qollision rwto :la rala:tive~ hiSht and dmnping 
c ~ • • ' -

' . . . 

of tho wh1s1ler male :ia pl'Oiilimnt (Heald 19GO, :Dania & W~ave:r-1952) even at 

m1cl""o;)WS.V1!! ft'G\luenciee. Slm't w&'\rc p:ropngatiotl, s:t mqoonci<l$ cloae to 'the elao"trozs 
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l!lirro:r ccupreaoion. expriment•• Electron· ten;lpel'atu.~. ct'm l:e mcsaured :.tro11 black body 

·r<J~.dicrl;icn mau\SU!'emen·ts~ .rn gone:ral,. noise ·t~mp0raturo (bl.l~kbod1 re.dia'tion) 

meoourr-.m~nte mde in d~mre, high <lO~ion.re:te plo.am.ae yield elootron tompG:ra:turee 

in gQOO. agreom.ent uith tho~e obtained by ~uir ~robes studied by·Knol (1951 ). 

~ley and M\Jl!fol\t ( 19!H) or epecliroooopioally, by Jtaroing et. al (19'";8). Eve)\ ill 

high temperature plaamaa,.w~ere the· collision rutas a~e too low to p~ved the 
! 

1;bcmaliz.1ng· m.eoba.ni~ to:t· electrona,, tho electrons arc often found to have a 

M~llium <lir~tt'ihut:ton acco:rdinz to Gabor et. nl (1955 ), · and 2.11. maey cases ·tJhe 

e::tect..":''.n tempeTaturee infer:rod frau microwave !'ndintion intenai·tiea compare 
o.b 

!'avo~~ wi tb temperatures. meaeu...-ned L-y o·ther me·thada (Dell1s 1958 >t V1ha:rton 

19$9,1961 , Stlx 1962 )• ~e eye lo troti r a.di'~ tion spec t.n.m contf1.1.na MJ:1!<onic e 0 whaett 
' ' 

rolntiv:a ir'to~l9itiea ru:-e .et~ fun:rt'io!lS o£ the .el~ot·ronw.lociUe~. Eor tha:mo• . 

l1md .clect:ron temp8:re.turoe· '1\f!xicnl. of moat pJ..-::.em0. ex_l)el'imente, :tnolud~ 

· cqn:t~lle a fueion, hamonic ntabers c:t 3 or 4 ere about t.."-le theori tical l.imi te 

... In seTcral. plnasa experlll!en·~~ •. neverth.0~s.s; hau:u.i~ca ae high as the 24th 

lw.ve been deteated wi·ifu relative intetsit:Les tnat·hf.!V'e lit·tle tQ do with 

comentiona.l cyclrrtron. !1ld1a tion iheo:r:·:Lea. .tn, th~ experiment of :Landauer .( 1962) 

uptO the ·24.th nannonic o£ wb. w~ obaervei:l in a, pla&ma genera-ted by a P.I.G. 
' . 

d:ts'ohrtr~e, a we of disch<:u•ge t~at is notorious fo:r variol.ii'!· inatabi:-litie$. 

~ ·en.o expe-rimen·t ot Eazl'!anov·a t::t a:L. . (1961 }, a &PQOtrum o:r 10th hat-nomic ·ot the 

ion .Sll'Ofre!Q.u'l:·.cy Wac detected in .the ogi'& m&ehlne. (A~ta:lmovioh, 1958t. Golovin, 

· 1959) hnving a b:l.gh enerQ p~a. densi.t".f about 10S ~Qns/eiA~ • The cibsewe:t1o~ 
'ot a. ol" 10 hamonics of wb by Fields et aJ.. (1952) and :8akefi et al.(1964) ue:re 
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All of th{)se obeervat:tone were made by holding ·the frequency of the receiver 

ool'ISttJn·t and varying ·the magnetic f1eldliol Landauer ( 1962) used twQ .ta"equemiee at 

once, 34 Go and 10 Go, and found that in all caaea the peaks oooured at alish~ 

h1soor trequemiea than multiplee of w b , rather than being &bitted do'WI'lWard. 

A typical epaotrun ie ahown in wl'1.ioh it is seen that the int;;nsi tiee of the firat 

18 Pf!aka are oa~ntislly the sane. Ooeer~rat1ons made vii th ·w M'tenna ol'ien-ted 

With fj along the ma,gnat:W field Eiven showed eeve:ral harmonics, bu·t with :te.duced 

e.mpUtude. ~uer of;fera severdl qualitative explanntione ~~lving nquasire• . 

the observed et£eota. 

A theory S!:ven by llie1it1nov.loh and SbA:tranon (1961 ), aloo involving a ve17 

1ar0-e re.f.rectlve index dtie .tJ:> resonance p~tl;;r expleiM IBMauer'e and. alAJo 

~va•e resUlte 1n Ogra. A recent theo:q by Simon and RoiJenblutb (196~) 

provides a reooomtbl.e fit to ~uer'a X"esulta and, in part, to Beke:t1'e. 

Zil1d1Bga. Simon and Roeenblutb nave caloulated t.~e hamomca erld line ebapee 

generated b:f particlee ~118 c1clotron orbits am ooll1~;~1om with walla and 

shea~ e1mul:taneous:q" 1b.e browenirlt3 ~ ehifting of low J:umnonic numoor penke 

and the va:riatione with plGSma frequency agree v...ell v1ith Landauer's data. 

The simple single wi.J:e ~r prone is undoubtedly themoat wide~ 'W!ed 

diagnostic to~l in plasmas even to dq. Such probea, though inieed rather 

simple mechanically, are quite the oppos1 te in regard to the theory of c'Wn'ent 

collection. l'li fact in moet pX"Obe applications With plasmas inlilersed 1n ~tic 

fields, :regoroua ·theory does not e:det. Neirerth~leoa probes continue ·to :&'eee1w 

wide w» since 'they c&m. yield mee..auromon'tllii with a. degree of looe.Uootion difficult 
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can .not _be made to reduce the tileoey ·to a trac·table :eroa, they provide relati'lre 

~teaeU.rements that ~how a great deal of :the structure of the uaual1'101'¥1UieooeDt 

.. 

Thl3 single probe ehe.raoterietios rel,y on el.lrtablial'Dent of a. ti:nu pla&!W. 

po·ten·li1a1 thnt oervee es a referenee for the probe volte'~e• In acme discharges 

a good rofa:oonoe point docs not exiGt and in others :ta1rl1' large electron 

ot.arrenta are dr.nwn to establish the probe charoc·teria~ics, mbioh ca~ 

perturbat1~" eu:.fficient to alter}the plaama oond1 tiona. '.i:ne doubl.O p:rob~ sys·t• 

Wei.J proposed to alleviate ·thie diffioul;,cy. 'lWo ·probea are ·apnced sufficient]¥ 

close to enew'tl unifo:rm platmln in. the intervenS.ng regt.on. ~ probe eyatal 1• . 

allowed to float relative- to .the pl~>.Stnu eo that no 'net O\.U:'!'ent · io drcwn by tbe 

sy~tm~ filhe r('}Gulti~ pOtential is the 11 ·floating peten:tialn which is aufi'ic1el1tl¥ 
. . 

n~gative w1 th respect to the pl~a to repel enough of the higher mobil1 t:~" . 

elect:rona to maintain I • I+ wht9:re· I . ia . the electron o~nt end I+ tlia.t dw to e -e . 
ions .. 

. l'etween thfJ pmbee one pltaoeiJ a bias v • v1 • v
2

) · o • Pooitive ·e'Ul.'%'ent 
:tlCA"W in- the ·exte!mlll circuit f:ront·probo•2 to ·p:robe•1. If tho pro!)e areao ·are · 

IJW'Jh that A1 = A2 both probes arc neeattva.relntive. to plasma but v1 iB·leaa 

A~sative and v2 r::ore nega.tivc. '!hue more electrons flow to 1· and fewer tO 2. 

Fo:t: ~rae J)Oaitive v,, probe 2 will 4~ ~.ion saturation ourrent Whlle probe 1 

collects· just enough net ele4~ current to cancel the ion current to 2•. 1be 

:double pro~ oharooteriet1ca is .. thus symetr.ic when A1 • A2 ana the total 
. . 
curront; ·w either probe ~an DOt be greater than ·the ion. saturo.tion current.. 

Tbia comi ttoxi has the i!4vantage ot m1n1IDimt.ng the p~aaina pertw:obation eii1Qe 

the· current tlow 1a &mallf. at ·the iilamtrt ·time howeve~ 'onli ttl.e eloctrona irl the 

tail of the dietribution ~mter the probe current •.. 

. ' 
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ibe ·claesl.cal -theorw ot probe aeae'1.1'1:'Gmenta in. gas d$.schargc ~uir {192) ), 
' . '· ' ' ' 

~and Mott~tb (1924) and ~- (1926) contains ·the basic a&mpticn 
' • ' ' : • ' • ' 1 

tbe.t the pot\;ntial dit:fareme between a prct;e. end the plosma 1n which it is' 
; ' ; ~ / [· ' _; 

' . . 

~rsed, 1~? ooJltined to a epace oh~rge x~Cgton or •smath.' which sm-rounda the. · 
,· :, .. _ ' . ' 

prebe, i.e. :&.t 1e poetuleteqd thlat ·the plasma. ou·t ·aide the sheath, til$) W$perture4 
. . . . ' ' 

by ·tne preaence of. t.bG probe. However; d1JrinE tbe c~ of tl::laii" researoneo on_ 

the low preemJre mareU't7 8.l'O~t Langmuir .md his colle.osuea- . found that the potelltta1 

dUfe:teuce existing· be~n the axis ot th~ d:b:>oh~e tube and . t,.'J,e . Wall wee' not . . . . . . . ' 

_en~irel3 aseoo:lated ~itll. the \taU ·ahent11. ~~1e eftccrb of 'tbi.o ·t'ieid J)"rietmtioli of 

pl'C)be 11~enta wwa !snored .uat_tl.·~ atudy ot D)bn·1 Durijop am ilaseai (1949). 
1 r, · ( ·, • • : \ , . , . :' . , 

' . Allen and Ttmnemam 1954.) .. ·. . ·. . . , -:.- 1 ' 1~ .• ·. · · .showed ffio..t 11\e ~on C.'lo~..nent o\epe11cls on .1ne elee..Yon_ 

· _ .•in et ~:a. (1_949.);~tempem,ture, end not _the .ion temP8ratu...""£f· ~cawie tile 

. electron ~ra·ture dete~"le., th~!i st::t·o:natb of the · el~t:ric tield whioh 4rewe 
' ' ,. ' . ' " ') 

· po·tfential distribution ·W1tl1tn ~e:_.emath, rmt't.·with the,inc:retme ·in :Lon o~t· 

whi~h is obaerv:e4 ·os· a pro~ to mad,_ more ne{9!ttive. All~.n, lloyd. aD.'i ReynoliUt 
• l' • ' ·.. . . . 

. (1~56) presentGCl a. treatma!lt ytluoh.gtves potential diat:r;tbutiono .both ·for·t.be· 

··plaaaa and tbn ab&s:th, togethe:r ,w1 th. tbe positive 10t1 curren~l·tage eb~aq't*r-

1st1~t!l. _'lhis wo:ric preeento a method W.i:t.abl~. fo.r tho OI'JQ.PUtation ot tho ~ba.rac.rter-
. , . 

method is applicable oal,y to pro bee of .such ey.nwetr~ · that tile · c~arge4 pa:t"tiole 
. '•. ' 

' . / 

·<arbite c~ be cbar6leteri=ed_. in tema of explio1t time 1ndcpeD1ent ooutant ot· 

motion. Be-'teiftt Irvin;; and Rtlb!ndW1 tz (1959) uead spharieei end cylintlrical 

proilos to tbo· collection of-~ti;ve tons.- ~~e mthod. is Qcmple~~ sel'f com1t~tent 
'· 

and ·:requirea m apri.o.ri· .sep&"a'tion of the dischru:·ge. ,into plaema and sheath~ 
- . . . . 
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by fomulated the th~oJt!W ot aphe:dcal. Md o~eel :pl'Qbea im:ner&ed 1n plflllll& 

"~t such-loW. &lnsit:;" that collisions can be noglec~d· Med:tcua. (1956), lby4 tizad 

~ddy ( 1959) developed the. practtcal teclm1,1oo~ tor extre.Cting t.:t disp~lrlg 

the second denva:t1ve of our,rent by voltage to tile d1&tribat.ion tuMtion 1n . -· ' :' . 

. oonnect1on to tha thftor, of Mott~ t~ and ~ . ( 1926 ). A . etmple and accurate 

•lectronlo d~o_e :for reduo~g the p~obe elate am d1.splay:iJ:1l the resultr; oa an 
' ' 

. _OOO:i.llonoope is de~rlbed b;y ilnrp ( 196,.). ~ 01t'Ctd:t cmplOJO CGmm.~l'Cial]¥ avaU• 

ablC plug in emplitiers to provide ma.:dmm e.~e of COll$ti'W~1.0il and: hl,.gh aecltnloJ 

1s obtair.tOd vli.t11:e. m1nimtm ot c&Ub~atiolt) ~d3usimentf.l. b probe ohQrue_~~ti.l1~1tul 

ot _el~o·tron .~'Jd ion otU"renis for· ainglc cl~~ (oyle.OO.rical.. ·~ plain) and to¥> 

t-wo, ·tJl;tree and fo~ elacrtiode Plmae .probeo a:tJt s~ud.:leli by Ionov and 'l!oJ:itetS04e 

(196 4- ). b;rr· fo~ that the mo~t oODtplete and correct data on·. oleotrOn''mtl. :1oa 

dit1tr;ibut1o:n in a pla&1.\ltl. oan bo. obtained· 'Wl~ 'ti.lree and fo\D' ~leot:roae probes•· 
,. . . . ' 

A fotir e~trcue prot~) a~uid be uo~d ,when .photo and· seaomary emiea:ton~ oec~ 

und~:r the aotior.r ax faa.t ·parUoloa 1~e.· wh~n ~tudy~: low do~ity cosn1c PlRlema• 
Apj>~::tcation ·of·~· magne'b:W :field· ll baa the. :il'lnditi·lf~ effect· o:f deore691ng the raUo 

< \ 

Qf: 'clect.t.'On to ion saturation QUIT9l'lta. ~e ratio Whli.ob fW:: ·:a IIIli 0 111 

( 'Te m':r / T~ nle )tt ~ 100 'Q~ dtio:t'G~se ~y Wl Ol:'d~:r of ma~t.tude when the 
~t1o fiel\'1 :i.e euch that the ptQbe a>aains &1¥\_•Debye lertSth are ;:large .oanpa.~ 

to ''f;be cJ.&ctron la.:..""m't' :ti~iue Ye but StiJ:1,;WlSJ.l Oalptiirt!Jd ·to tho 1on ~r· 
. • ' '·f ' 

~.dius '~\ .• 11here~s ttw electron Q\U'ront 'that ie nGIW~lJ' :mra.ila~la with .. ~ • 0 
4ue · . . . 

__ ~ th_at" d_Ufwi.ton into a aurte.ce surio'Unline the pro'Ge of ~adiU.S equa~ tO om 

l.tlflfm :tree 'pat.,, dle'CtrlJV).1 Ul ·tne magne·~a ti~ld. Carl move !Qto ·1;he probe. 0~ 

al~ ·tbf.T dir-ection ot. thQ :tield. Electron moticm alOJJi .the :field is esetntU\l.ll 

'l.mb .. '\nderetl wi1oreoo acrose tOO .f·ield ·\;llo di£ft.1Bion coefficient ie · re4tJ:od. (ole.std.o8lltv . 

I •J..., 1. 
· ( I + Wee' J' ) 
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.· . 
.c-•• '. . 

'! 

·' 

·w rr ~-
ee. ~ 

· · · ·· t.s the p%'0\iuo.t .c:ft'the ele<Jtron cyclot~-on: t~q-~y ~- 1CeaD 

'col~on Ume W1 tb. ions or ~U'~ wbiohevar 'io·'Ciom:ttlallt~ '~r even ·ve~ ).ow 

fieldo Wee 'T >) 1 .~. ~D:e 'ol.llflsical d1;ttuei~n ~ea .. ~ 'l'j p/~ and 

· bee~• e~J.u em~l~ ClU£1!a1ca1·: d1£tu'si~ i& eeliiom· obe~rved 1n practi.•, tn.tt·· · 

o~sa ttaJ.a dtttuaionteillg gtven re~~r b1 J:Johza. o~re,eiQn w~oh· varies as ·Te ~~- • 
' . . . 

',·· ·,· •: ' •' :_. '• : ' . , .' ·!:''' • •' ' ·., _·' '. ,'' I, , \' ' ' , 

· Wi~ 41ttusion aoroes the entire tube bouild~ main'ta~· the· par·~:t.cle. tl.UL 

.. · . :; :' ,,:~n a ot98dy untfom poait:i:~e· Qohlnn of -~; imt. preaslu'e dt~mrge iff acf~d . 
. ~r.··~y aj longitwU.nJil magnetic f:l~~ ·th(,· charged p£ritolce lv~v.hlg~veloci'f\Y' 
. '·, . . \ ' .. 

. can~m~-: in ~ dtrcctiOnet .. ,Uili.d 2bout the. ~tio liwta ··c·Z: 'to~e. a..o.W&ltt'' 

ot -their amallmus;. onJ.Y the electroJ'UJ .a,xe .&ppreciab]\f' ai'feoti1d 'by ~tiQ' "t1el4.· 
', =; 

. Til~. a~:. p~Bllel .. to the: a:da ~:t ·the tl!be between ool,li~.iilu ~c;iua~• tilt · · 

·~~1~ · d:t.1ttu&ton. o~ elecrbiozW ~ tmis a .analier raaai eieom~: ·~eld · ~ 1'equirod 

to·~!A~ the~~ruaiiti<be~een. the nwb~re ot tone ~m<f~iec·tr.one·'~1V1M_~i·* · 
t· ., ., 

·. 'iaO...ciCotwttng· .tUbe 'wan.' asnc. imsir.~Miai velocitte• are tbe 'e6111le, 1llle ~tel 

flOw.-~- ·~til o~ges ~ul· dec~aae~ ·A'loDgi~inal ~tic. :f!f.eld ·~~~ tlt~---· 
' ~ ' . . 

' . 
_ ~ , . , ' , , . , · , ·· \ ~ . . I , , • , ; ( '. , ~ . , ' , , ~ ' . , ' : · · • , : • .' . , , , ', . · • : 

reduce 'the ~lectron temperature ana. tne elect:rlo' f.teJ.d 1n tho col\~Ulti .. 
~'!!:"In M s~-pt by ~. '(1919) :-~ :tbtmtaaile a quan~·~Uve ·:thqOrt, ;. ..... ··: 

I . ' ' - I ' 

maae·'ot ~.~tiCal refJl.il.t {~m. 1915) :tor the eff~ot at a·aaptt~ field 

oi.' 'elJ,oirc~ dl~!ueion 1ft. 'tbk 'abnricti ot Sp~ C~P• ·.;lnle. Hi!\llf;. Wa$ Qorif$.~ ia · 
. ' . . . •' ' 

/ •i4>~~nts·.Wit1t elfl(rtren -~·'tor .Pnoto· eleotr:a.o ~nte (&tiler 193o)•~ It · 

hol.db ·, al&Q also . ~ ... liu.-ge; o'urrent& ( ~ 1o...¢ amp. ) whe,n. anowame 18 znade. :tor 

-the space charge. Other ezperimeate (Otmmitlge ~ ~, 194.1 ) wlth a positiw 
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oolunn 1D mercur3 Va}.'OUl' were iooomlua:Lve because of' the difficulty of interpreting 

probe charooteri~tios taken in the preeeno& of a mac;n•.:;rtio field. Davi,cs (1953) 

on the electron tempe:r·nture in e. low preeau1.>e l>Oai tive colt1llll in oesiUIIl vapour. 

hle·t~a.d o'£ a lwge redu::tlont hoWe?ert a small ;l.noreaae in the e-l.ec·tron temperat"tlre 

woe observed. ~e effect, o:f a magnetic field on the loss o:f charges fr~ a plasna 

to the walls of a oloGed condoot:1ng bOx hua tmen shown by Simon ( 1955) to .,_ 

controlled by currents in the plnsma which are flowing eseential]3 along the .field 

and not by plwm1a oooill;:1ticne ae previous]¥ auggeetee.. 'I'hee• argm.ente do mt 

app~ bere be~~uao the. p).aslna of a. poai tive · col'll!lD is un.'iform in. the d1:roction 

of the m..qgne tie :field. Btckorton md Von hDIJel ( 1956) presented a probe (movable 
\ 

probe ) !lleneuret:!ent in e. poei tive oolunn ·in beliu:n in long! tudinol magnetic. 

fields am. the offoot of eooh fields on the collZlm. is disouoaed theorotioallr• 

Eertott1 ( 1961) daveloped a theory of probe o~terietica 1n presence of a 

strong magna tic field. Vtmant ( 196"3) stt¥licd tbe ~uti> probe 1r1 preaeme of 

magnetic field. tfobata ( 1963) ztudicd the cbara.Qteristiea of r~utr probe ln 

p~es~nce of a. S'tt'o!lf3 roa~tic :field. The mc~chtmism of tho collection of c:Wirgod 

particles by L~u:tr probe in· a strong magnetic :fie>ld baa been theoretic~ 

inws·tiBf'-ted by him. The ilH\~oe·tic field ie aasunad to be c:n.ifficient~ strong i.e. 

the electron cyclotron b..'equemy cxooeaa tho collision :frequency of elootl;'On td.th 

neutral gBS moleculmJt and he obtained the :foUo\'fing reault.s (1) Wben 1he la1gtb 

o:t the probe in tl1a direction of tnfli~t:l.o field ia la.r~r than the ave~ 

gyration diemeter o:f ol.ectro~:w, the probe cm'J'ont is dete_rmined by the §ration 

, diameterp whurea$ when ·filw probe length is mtallor1 "the probe current is free 



elict_ron· ot.tt'rent asre,e with the cal.oulated valUe&. il?.tcm a 24 pl'Obe e:Umtatbal 

·~ · ~1 ( 1965) bae produced a beautiful diap1ey of · de:ns1 t.v fluc'tuatioDI·. · 

·o.;:cu:n-:ti-.lg ·foX' stvea OJ)era.ting con4i t1o~ of the Etude stel.larator• 

MAGtifETIC PBOllES a 

. ~· 

· MagQttie pro bee. ln:we bean Uteated ·by loYberg ( 1959) ~ pointe out tb~:l.:r 

wt4eapread ,_. in mappiq ou.r~t distribu.ti.onu in plaama accelerators a pint:hee. · 
. . 

' ' 

by c1tlangee 1o tl\e loca:t magnetic field, c1 B/cH(Glaeu.rtone and levberg 1960; Colgate 
' . 

et alt 1~ ). ~eld ~ensi Uve (!ller~Wnte~ eucb· -~ Ifall c'U.t"rent pro bee, J1tV ·.be m.1de 

ae I:Dall l:UI 1 l!m in diateter .mel grouped ill .. X- Y- 'Z at"rAys to meanure three,.-
- . ' . 

. ' -
<U.moets81oml f1e1d co:ntigurt:ttiona ( l'ollook et al. 1960). Current den&if\1 Qon\o~ 

~ :_the. prae~ of bJtircaagneuC wtab1U'ttc~S 1r1· d- plasmas ere aeai5\U'E!Cl · bJ 
~ ' I ' ' ,, . ' ' ' . ' 

b~tpliag. ·!lbe. out put vo+tase ot 1;he co11 t,;vpe probe inGy_ be- mte@:'Qted t6 Jield 
,._. - I' - ' ' - ' - . 

·the': 111!!1~ tu(i~ · ot . :tiel4. 1he l9U.\~ Si€PB~ -~ VSJ!I small ( depending ~- 'the 
' • ' • I ' 

i 

1nt$~a.t~on 't11'ne' ) 8ltd care mus:t -be uee4 to. avo14· e~ay- p.tc$.Up., anll pi'Qb.a. 
', . . ; .. t.'" ' . . ,. '. . •·. ' 

b,o.~: o~tp~· ot· ~ .. ""1:t' er eo, reponae . ~~::,a UP~ :tew aegac~leSt· nnd are ee.ri.Jr 

caU,~~~- ~tb_e stf.\Dtler4 ~t. ·~·~are -wha~·''~flmpern~ eensit1Ve•-. 
: l;. " . . . . I . 

. .-. :.·.Al;lCther ~ of coil ua~b~ tpa·fi mei:!SW'eo ~tee f:'Jf cbarl,ge 1rl •ncl~ee4 

. c~~~t- ebannele .is t~~ ~~ lC>OP Q~ -~le· ( Golo'Vift et &4, _ 1$Eh, Coapez. 
; •• l ' . . . ., ' • 

. 196''. )._ The aaoemb)¥ eom.t1•tia. ~t two ee'te ~~ co~let one ar,tround the enti~~ .~ 

'·~~it':lental 1t'gion enc! theother around on~ the o~nt 011~1 or a pert ot t '· 
, . . ~ . . ' 

" 

5.14~. :~it!erenoe in Uduc¢d voltage ,rep:resente the currents tct ·eu:loeed; euoh as .. ,., ., .... ' ' 



,'. 

d~eip of masnetiC probeS £or p~a field lil~H"lENTemeDU!t attenti~n BUSt be giVel' 

to ·tlte ~pace resolVing power -of tho coileo A technique is dasc,ribed by thm11 which 
• ' ! . • . ' ·' .. . 

by mecliomca~ moans giv&e on exaQ't}_ ali~nt of -the individual Qo:tl8 1n a •ult:tpl.e 

p~oo w1 tl:l.Qut 1m1 ntG>d . for. ti.trthar manual adjtWtment. Intograt1on of tlle sitlnals 
; ;: j '::;,. .. . ' 

·< 
by_ me.mw of tr£msietor1~ Miller integra.to'ftl pl.aced ·at the pro'$. et:ld of .the 

tr~ ttin$ cables, g:A:vee a {t'Ood · s:lt.-:ml•t.o-noise ratio., ~e deeott'bet\ e,vatem 
. ; ' ~ • I, . 

. '' -1 ' ,. 

-~:·an· overall a~ms1tiYiW of l -m ':J a at an 00 time ot 8 ms, and the ben 

wi~th- ~r:uena~ to. ov~r 2_ 'ND/a~ 
~ ' . 

(i9$3) ~ 11:1veetigate the beltaviour of tho p~a in a theta type c'Uach~a:e. Wtth 
~ ' - . ' ' . 

; ·,, • ·'' 'r,, 

·' :- · ~~1M bY ma~e of light beams let in :principle, vers _eim11er to miorow$Vte 

pvab:tn80 m1d .the bulk of the theory devclo;psd applies vlith the addition that the 
. ' ' ' . . ' . . ' ~ . . ' . 

' . ' c . 
im:t>aese. in xofractiva il'lrlex du~ to · ~utrsl ~~~~wun:i · gas in high density 

-~ '· ••• ' , , > • ' Y,, A . , ~ . 

' ·. p,ta~ :mm.t Ctlso 00 .CO'LI:l'Wd for:, 1'he techniques di:tf'e:r eomewnat, but naroua 
' : ' ' . . . 

p~l';'alJ.ele ca,t!l he drawn. (!tl.phe:r and ~~lil:te, _19591 Asooli•Tha~li. et al1 1960 ). 
u.e 

~Optical inte:r:ferome~l"S. that are diroot e.oologe . .cf the. microwave irrterte:ro• 
. . . ., . ' . A . , , ' . 

an ex~~:p:te (Asenli-llat-toli et al• 1960 ). A monoc~tic_ lig~1:t source ie ~qulred; 
' . :. ' . . . 

th_g ~Sl.lar "the wavelength eprew:t, the sharpor the interfercoo~eiil Optica.l·mQaae%"8, 

or.lM!erfli ( SchaWlow ood ~a, 195St Ja.van et _al, t961e laXJ&V&l; 1~62 ) 1ntri;1-. . . . . : . .;.,_~-. 

• • r ' 

difft~ult to achieve aocurate timi~ vJithottt eletboratt'l trigger!.~ ar.rang~monts. 
' ' ' i 



-• 17 t• 

!be aiant pulse technittue ie a method to oohiove fast triggering. A nlllber o:t 

ptaaed aoo CoW• lasers are now available comm~x·cialll (SerchUk, 1962) • covering 

• -.avelt'tngth range!! frOm 6900 to. 12,00 A (7.2 y ) .- Spark end arc light OO\U'Ces, 

:toll.Qweil by a filter (ntllings 1951 ) or monocb.romr.r~.or, a;re aiao wetul fdr 

intarfe:rometem of mcciun resolution" l'&t'Wl electrode $park eouwea can produce 

mioJ>OoocoDl pulses of intezme ligbtt hav~ ;)1 t ter time of on~ a few 'l1Qllli08EJConds. 

A filter acoe:z:rtis the dt)sired lineii l"~jeCtitlt;t tha others ~ Yiell as pl.&lna 

genl!lra·wd light. ~he 116ht :trom ·~he s01..tree must be much VO:t"e intenaa t!llill ·that 

' ' . ~ 

. . ' . 

A o.c1-p ecc x·ecoroi~ o:f tbe i~l'fel:'encee we.e obta'ined looking along tho a.x1e 

. in ~he. 'Scyllf;t· exy~·r:imoQt at, l.na Alamo&a (:rt~l.gore et al, 1958), made \Vith B gtont 
. ' ' . . . ' 

;~ . 

'. Cootinoo't» title resolution .. of oltlre (l;i.mene1onal alice of M experiment, cw.n 

. oo rA:i.d~ by scanning with a elJ.:t and :t:'Otrc.rting mirror sa a transient plattna event 

1~ 04}~i.W!M m tla · obaatl~::r ·oo ob~~ltn a, a~ak.1nterte:rogrt:m (:aermet et al.~ 1960;; 

. ·E.omsq~n. anu)&Jletm1 1962 ). The f:ri~;:;oe wil::t be eb1fted. ~ or. dOiiD in a .diepley' 
. I 

idfm·tical to the· ~'bX>a~wJ.po c;tspJ£\1• The ·troo.e ahow0 eVidence of .tne tm:reu~ 

in · :tefrac tive indc• d~; ·to neutl·al e~t«il . dtJI'lltJi ty, followed by a dec:t""El'Wlle (lm '00 

. . the . 0l.Gctrons, lf whi ~ Ugkl't 1GU$Cd the poa1 t1ve enu. 1¥:le"8.ti\l'e clefleo·tion Will 

show up in d1tieront cn:;lors, ·since the· g:roUJi am ~pl~aa$ 'reloci tic;~ a wil.l be different 
' ' I . . -

to:r.; ·the deflection: duo ··to ~electrone and ·eb.il.t due to na1·,~:t:t~ a:tomi.l .'(nein, 'i96' ). 

· · A similar ~p·tiaal ~~etm'il'n-t ·is used. :t"or. Sch~teron photograpl"'..y, e:xcept .tOOt 
' . •, ). 

chw~a, i,n :re;froot:ii.ve index are :coaorded ~ L'.lodulu·t.:l.oll$ oi' ligtrt ;l.nt~fl.,e:i. -cy, ra'iher 

tl:~ inter:ference frin.€;es. An ez.pql"'iciental &•rangenl-<lnt foi: studyiur~ .sh~k wavea ill 

gi vee, b3: lovborg ( 196;) )~ Trw. light GOW."Cl! ia a opard: b~t.ween tunge:J;~n eleot:r."'des 
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by Kerr osll light ebu'bter. 

~ greater se:ns1 t1v1 ty for pl~mas . ot mediw demi ty 18 obtained in the 

far !ntraredo Go~ o.,u end bolo~ter de'teetor ~ uaa:ful a.t wavelengths ell 

th~ we:, ooroee the infrared to the m.crowave band, al thoueh their l'.''fHl;ponse 

t1meo are of the order of a oocond. Neverthelosa, some ploome cxporimento have 

been dom o.t infrared wavelengths (~, 19621 Harding et a1, 1961 ) With 

:res"lte th.at com.pr~'e favcll.'lt'tlbly with miol'Qwave results. 

Optical »"aradE\V rota.tion can oo used to etudy denee plasmas 1n strong 

ma~tic :fiolda (Dougal 196' ). The sc!lBi tivi ty inereoooe in direct propo:'tton. 

to the dens1 ty the path length and the magm tic fie l4 applied. 

1ifuen plasma waves or oscillations arc present, they ~ be detected W1 tb 

probem; apace charg., waves may aloo be lau:nohed wi tb probes; but thie method 

of . :'laU!'¥)b:ing tends ::;o e:mi te all modes. Langmuir -cype probes, !'Ulv.iU6 (:oaxia1 

ohi,elda brought u,p M!;U' the ooUeoti~ a1.U'fooee, a.re odequate to:r mEUV 

meaeuremente up to frequency oi' 1000 fib/s (Dailey ant:l Jib&eleus, 1955 ). A pair 

.ot . E~J'ia.ll diac probe$ boo been used sucaosetul:cy to meooura w P 1n dilute 

plasma$ ( Ie\mg e~ Sayers, 1951) arklt in flats wire and diec probee were ueed 

in e:~PQrlroonts that pmbttblif were the fi:mt mU,rowa.ve d~otic tneasm"ement:e 

l;)y v~· der Pol ( 1920 ). 

\men a our:r-ent collectinG probe fld.multaneoue~ has e. large r.t. voltage 

applied to i:~, , tho non:U.D!Hlr eheath charaoteriatios cause rect:i:fioation of 
! . . • 
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lead:tng to an iftCreaae in tha rectified d~rect current ea tbe appliod freq•ncJ' 

~ sWept through th.e local plaamA.trequemJ (TakS¥ama tt~ a11 1960 lkegeai em 

Tala\Y81nat 1963 ). b probe, of oourae • pertu.Tb• the pl.mmle. and· t'b.ua the. fwqueney 

aeuured i.e aligb:t~ below the! true pl88111a frectuemy. 

. Reeonant pro he a fed by t:MnEimitnt~f.m Unoe (LeVi tlkU. anc1 Shuh~a;" 1961 >t 
,. 'I 

<\. penut meuurement of the pls.Gt:lfl illped~me, pl8cla. deooity aut! eutde wave1enath. 
. ~ : . ' " . 

ProbEa'loeMJ' coupled to 8. tuaable til'tert W.Oh IU1 a ltOtordriven COaxial ftiiOM'tOr 
. A . . . 

(J18llabers et a.l. 1963 ), pest't rapid ana:&.ya:i.s. 'ot: ·the fre<lueM~ ~pactrt~~ ot 

oscillations picked up iD. plallllat or aa a aeana to filter rcce·:J:v~d s:l.pla • 
.. 

~e. ~vable prcbea were l&Hd to:r those pu:rpoee•• . 

~ ... 

. .!AB!!!IOiiSi ;qF;fEe I· 

. . 

~-~~._:·new of the ~ ttle information· plaal:la beam inte~tion attords. It we emlll!e 

p!'Qoeeaes · aueb ae be• bli~ed inatab:J.li tie• and mes.ururement of pla.ma 1r1 
.. - ~ 

elect.~ttc fields tile beam interscw DDt with tbep~saa u a whole but rabr 

. W1 th lnd1V"idua1 conati ~nta through bll'Ja:cy col11s1oQ~ · Ollr¢6Qd pnrttclo beema 

can· be 1.\SeU. in placaa When no magnetic :field ia p~aent or it the pla~maa tU'e' in 

open magnetic ·devices~ Atoolic beou ar~ better sui ted tor prob:l.ng when cont1D1~DC 
' . . \ . ~ 

~t:lc fields are preeent, &ineft pJ.asma boundariea are be1iter 4et1Ded 

perpCndiclllar to the field direction, and alao since cmcttering by Jl1cro tieldl 

. _ . In elaot~tt:a 1nteractiollt • the :relative coll1ti!i1oil veloctt4r Will aear]J 
' . 

~wave depend on the electron dietri.bution tunct1orlf! Ion1mt1on 1B the moa-t eui~ 
c. ' ,. f : .' ' ~ I 

detClted intel'&Otion ·e.m o_,eenctione for such eventa ea tuncuona ofel.ectron 
. . 

·-~are new, available for a boat_ of e.tans end eome. 101111~ .Btcsuse ot-. 



. crc~et1on velocity. deptmdence 1on12at1on rate c:~oefficients Se -:;o <Jc. ( 0 ..- )· L\ 

computed for !4~elttan velocity dietri.but:Lone, navt9 strong electron temperature 

dependeuce for T€ ~ e Vi the ionir.ation threshold. At higher eloo·tron temperatw.-ee 
; 

there 1s relatively little temperatu:;;e dependence. ~r beam probing ot olectron 

temperatllt'et one therefore requires separate knO"..,led~ ot the electron density 

and a bean with a» 1onir.at1on tbr4llshold greater ·than w temperature to t:.e 

Electron temperattu"8 mea.eur.emonto have been made on ctellarator <Uschargea 

\Vi th potass1m bseme of about ' !evo For typical 0tell.aratozo ditaeha.:t'gee wbere 

~'\~ ';<:; 1o13 the lo.rge ivr.d~tion croaa•aeo·tionf.l for hehv1e:t• alkali$ atf'ord good 
L 

ae,_s1m:l.v1 't\Y; Whe:teas attenuation of heliw beams o! $OOh ene:rges would be 
.;.. 

extremely anall. Sime the potass!\Jll team is detecteu by secondaey electron 

em:tUion, tll&,. beam current is m~ulated nt 100 X Bz with band~ detection w 

d1.ecrjjnioote. against emie:sion from p'~ ultraviolet 11ght. ·~ m:i.cl"'Wave 

lllfiiklSW."Gment£1· !pf electron densi -cy tU'ld pcrtaositm beam attet\Ua.tion one con therefore 

IASf~S : .. , ........ 

l'llsem for pl.aana diaanostio moaeu:r.eroont are· -be~omil18 tnore.s~ popular. 

'l'b.e moet vigorously pw:sued exper:l.l:oonta of :t"'eoent ~ears tmrolvil'!8 pl~ and 

' ' 
llas~re bgy:e been efforts toward observation ot · lb.oowon scattering of the l88cr . 

. \ •l 

photons by plasma electrons* Altho~· eucb e:s:pel'imenta were a.lwe;ys · posaibl~S 1n 

principle, the anal~sa of the ~n oro~s section (r--- 6 x. 1o•25 ca2 ) 

required the introdootton ot lasem to y~ield aut:ti~iant er.m.tte:red photons 
. 

rolatl.ve to bookground ligllt and phototute•noiea ·to ~ve me~ resUlte. 



'.;,. 

. ' . ' . . 
. ·-Fo~ :.c{ )) 1 co,.rent _plaaa·oecin:attoa otm e:dst that give_ e~t\lre to ·t~te 

-oo&tiered ·elec~ti.o wave, tbe ceat'ra.l. 1Ule· of acat·ee:red :radiation baa a 
,, ·-- ' ; ........ , > ' • • ' ' !'-

,. 

~.it by approxtmatelf the plesma ireqtWncy .:t. Wp. Under U.ae cOl¥litloD$ _ 

·. ~e :~·leotrondtDSity oa~b~-~erre~ !~QD Wp • When ck << I.~ a oe~tral. 

t.b.e.i"r.i!i1 action. Absolute 11\teaeity measurements oun ,field the electron de:na1ftT• 
'' •' ': • 1 : • •< • 1! •· • • ' • 1 r' ~ • ,. ' ' •' • • 

.... Jor·~~rogen p~a d. 1e given in- of aa.atter1~ onale e .•. 
!' '.·. .,. '. ,. ', '• 

. '·: .:- ,·_ i.; 

:I 

.• -~~ ;A o /-ie the wwel&rl$th ot the lnoiclen" ~iat:ton in -ten , n e . the 

.. · •' . . . . '.. - .. · . . . . . . ' . - 1-

, : e~ctron deooi t.Y an1 ~ the electron •perature ( ~ -=- TP · ) ·in .. ,. •. _, 
. <•: . : ' . . ' ' . ' . ' -- (- . , ·,~' 

·, . : Wi~ the lest few ~ax. umw cxpe:rimot.ttal. ob.,rvatiows ~ bctto :repozota4 

~eauring the .electron temperatu..""e and t® denaity 1a pleaa. 1mceilta, ~met 

.. (1~5')~&aaer (1966), Yoa.eu et a.:t (196a) 41aouseecl ite appUcatiOli 1.n the ·field 

/. ' 

: -· :., :'Al.tll0\1Sh.1t 'appeara ·.·tb.a.t the rew~u'de aft Poterittdll3 great, Thansoa 

', ~ii't~ring t8. dtttioult exp&r:t.ment at beat,' req~ ·sr.e~ ·cafe' 1ft J2ht1idfltD8 

the'~~~ e!~. ~Y lase1"ff oP&rat:tns in'lle giant ~ylal!t·m~de and deliv•ft:fta 

te~. of ---tit ot 'poyier am . ~sa~ to resolve the eoatte1'84 aipal, . ·. ' 
. \ ' . ' . 

· ' · · · · 1b ~- ~-tUdy ~~ p1eema p;rope~ties laaC~:ra' .hB.•e e'xteDded · tJ ·~the~ ctt.esm•ttc · 

ii~tilode.; 11'lterteranetrio methodet baaed oa ~aau:rem.e~t o:f the ·~raetive · Wes 
' .: . . ~ ' 

.p. 



been :r.eported ( Gerfft.'do & nem~en, 1964; !iaga.tat ,.1966 Jc. Johnson, 1967; lo~ ·et al; 

196'7 ~ others) measuring pleama properties for ·the last few year-s. 

:!'he a·tuay of the eleotr1eal uim:~harge phenom.f)na in the etead;r etate by.mearil 

Of a l.'o.iiofrt:,q,uer.cy aignal aa a :probe WfiGi fiT2't Stig{.j(tS'ted by V~.e'? J?ol (1919 ) •. 

U' U. radio frequency VOltage, 2\0t i:il'l.;tf:fioient to 08Ui'm the breakdown, be applied 

to tm ionized e(~s, ·then 1.he r• t $ cur1r.~nt l .... 1 that tlows ttL.,T>Qugh the gu is· 

I Y:f. 

when n is the· n'!Dber o~; eleotl>o:m per OC'J of the ionized meditJm, e a"ld m, the char~ 

X 
jwt 

and rmlas ot ·~no ~lectrt>n :t:eapact1ve]3~ o e the apk'lted r.f. field I w :the angular 
. .' 

frequer~y of ~tlle applied field; ~ the colliaio·~\al f'~quency of the uleot:rone· • 

.Hen!e ·the <:;omplax conduetiY1ty -~ is g:tv.?n by·. 

' '2 

[ J<!. 
~ IYJ e n 

Xo m v'- + W2 

t 

e.m aeet.Ging CT( ::: ~ d- cri 

"2 

80 that Cfy 
-ellv 

::. 

"YY\ [ -Jc.'-- -T. w"] 

' 2 

0": -- ellw 
L· 

[ ~'2. + w?.] In 



It ie thus seen that both cr.,.. and. . al are ; .functions of (i) frequency W , 

(ii) electron density ll t (iii) the aol1.i.~1on fre<.ruenc_y• -J~ wbioh is itself a. 

tunction oi' pres~~u:re<P The val'W') of cr...- is rr:P.liiml w.nen; v~-= w' ~~1·· ,1bich: case: cr-" 1 crl -:: 

T'ilU9 by measuring too comwtivity of ionized gas in a h1gh ~quenoy 

f.ield the electron concentration can tJe ob·' ed. T'ne comuct1vi. t-y of' ion.1.£ed 

a1x> was meaaw.'ed by Childs ( 1932) by subeti uti<.m ot a. resis"';;smce of kixnm. vv.lue 

' . 
1 V.c/a. App1!9ton am ~an (19:32) studied the v~ietion of ·bhe r3d1otrequmnoy 

oonduct.ivi.ty of ionized air wi tb p:reec"U:i\"'e a . t:rl':lquc::leiea of 'tho oxdar of 1oOO !tc/a~o. 

usin-3 a. Ieehel? wii'tt system coupled to th~ o ~el.'lser ~ri thin which the d1soh~'lrge 
' ~ ) ' 

tt\bj;} was pl~ed, ·the :radiotrequency cu:rrent being l"eatified by mee~w o:?.' s galena .,,· 

qryatal, V.nd 
1
4c;d;eated by the gtJ.Venometer. t. ·the oonductivity ino:t'e!.iSee, the 

galv~etf::t .. de!lcot:tcn$lla BlX1 Appleton "" 1 Chapmen obeer-ved. ·that the 

col¥lw:t:i.Yi ty attains a m.uxi.mwa 'lr"alue a:t ·a c x··tuin preesux·e er..d. tl;.en dec::t--eaees in 

a<loorda."X!'e \.'7ith the. theory; out cncy have Jt ;;.'eported ~ ab~olute wl'.JS> of tbe 

c'onduat1Vi ty for the goo 1nve•t:Lgated, ~b- air., Sil!lil&l., 'o·t;udy was malo in CMe 

of sulphur d1orlde and •non by Lnam aad l~b tgir ·(19'7) 1n the preesur9 ~ 

10 a 120 em •. of mere~ ueme rooto wave" o' 'A • . .f.81 em~ and a !R..oher wire system. 
' ' 

' ' 

Th~ simple .·t.~-teocy outlined above hns b ~n modified by ~genau ( 1946) b;y 

taking into ooDEJ1dara"tim1 tho dU!tr;ibution f v_,looi ties nnd ~ployi....ng ?ol:t~n 
. . . ' 

·Cf - _!±__ T\ e:l. ~e c s w-t + 11 e 1~~w S1nwt 3 )21T)llk"fe 3 I< Te 
--{t·. b ) 

f CJ'C v-a.Lu_v,. -J~ )) of w . 
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I 

the high frequency el~Z1otr1cal condootiv:ltif ot plasma. BoL.&rk (1964) ehm'red how 

the plasma ~del of .Dawson&: Obezman oan be Q(lopted tO yt~.e:.ta. a kinetic description 
. . 

o:f' clectrtcei traaaport procu!sseOt which 1s untfo~ valid :tor high and. low 

The theo:ey' of the Glectr1cal co.ndootivi ~ ot a gaa which is e1 ther fully 

ionized or w~Bk.l3 1nn1MC! has ~em Yell eetabliahcd tor s nunber of years. Altlw~ 

the cOl¥1-oot:i:vity of a partie.l)V 1ontzed gsa is qua.l:ttat.tvo:cy well und6lrstoocl, 

very little quant1tnt1ve into:mation e:xista, prine:tpally beouuae o:f the 

mathematical complications which arise wltett the electron-el0ot:ron interaction 

is inclW.e in t.he Boltrman equation for the 0lectror.r;.elooity dietr.tbution 

function., r~eoen·tly Johntfon (1961) calcull:lted the olectr:lca.l conductivity for a 

v!U"ie"W of aarn.med electron-mo~oule col11e1on ~queneie. The results d:i.tter 

~Y ipnly a few percent :!'rom t.hos& o'b t.atned using an. approximatio-n a~oeted by 

l!'':ro~JtJ» A eimple prooet1ure, requiring no nt-merical in·tegrations ,hM been i:Lven 

relati.ng tJlectron tempe:f.•a.t\1.1..-e w C!!ltictriOnl conth.tctiv1 't\}'· tor a par~:S.0l~ 

ton:ized goo, ... Sen md Gbocll ( 1966) stoo.ied thi1rl propertioe of ioniVA!d gases 

-~orimt~ntally b»- using r~iot:te.Quenay probe. Th~ t:~'ldio:frequeooy oonduotiv1ty 

( cr1" ) o:£ the ionized air1 ani nitrogen htU~J been dete:trd.ned at various pre11surea o.md 
a.Lso oJ: uCV'(iow, u~ of 6isc..hOJY'¥ C»JY¥-'!rv\f. 7h.ey: oi..9.se;yu-e.ol JT\o..r .cr.. i.nC/'I'eoJ,.U, 
w:tth p:oossUY:e mld attaining a ~ifaw vnlue gradual]¥ decreaeeo. ihe m~nn.m 

vs:lue of Cfy ocoure at the same value of wessure for ditf'oren·t dischargf! 

currents :fo~ the some gas~, 

llagata. ( 1966) praeente4 a simple teebnique for m aeur.tng the pl~ coniucU-
/. 

vitw~ The method is baa.cd on the observation the.t P.ail current m~.d Hall. voltage 

al:'e r.elated simply w an eleotrieel ~aiatawe, 'Ma •thod il1fJ,;'/. aleo be applied 1iO 

the OO!ls~nt of oleo·~nmm1ty 1n biBb prassu~ pl.a.wa. ·.An i."nproved prooo 

method of mee.Suring ~1e oleot:r.1oell com wtivity of low temperr.ttm·e ,plaana ie eet 
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out -~ Kbo&hablflY and YQ!t~n. ( 1966 ). TM;y .p~sented o.xperitl'lental. data ~garcU.ng · 
' · .. ' ' . \ . . ~ . . . 

the •t'feot ot layt)l'll. near ·the eleetrodfie on the probe :z;e¥1na~• :Recept:q Clempt 
' ,' ' ' ' ,, • ; ' I ' 

aDd 'l&lini_ ( ~ _9 <> ~ ) aeawred ~'le average ;plaanft co~ tin ty_ by a r.~. probe, 
. . : . . .. ' . ' 

for a cylindrical plastna usu:ned .rndia.~ 1nlloaogenoua.. 1'tley obtained t1a .. 
. . •: .-· .·' - ' . . ! . 

·average conductivity value from 15 to 100 mho/a. w:t'f;b. a Q :factOr aemaurementli 
I I ' ' 1 \. ' 

. ' \ ' . 
tc>• .5 'to 1~5 11Hz· :the probe uaea ~, c~Ubrated With, eletrtrol3t1c -•olutio~ 

.~B:e &l4 .> ot •~f1M .conductivity. 

·-·~a et\xly ot 'the cQmplaa oon.duct1V1ty of llel'OUI".f v~:_at .Jn1orowaYe, 
. ' ' . ' . . ·. ~ 

, treq~nc~ea Aclle~ {1944) ha8 ahoml plote ~~ ~ mil. Cii. with .cu.rreat or .preeeure 
.· ·, ·. ' . ' '. ., :: . . ' 

' ' 

_when the othttr, :I.e t.bad.· l1.Gill6 tm theorettcel eXJ)fteai~n of ~8enau, AdlAi"· 
'• :' • I ' ( •' ' ' 

. ' 

· .. calct.Q.atecl Tallies of tha •lectron 4 en:s1 ty in· the diecharge apaQ.a and compared 
' ''.' ' ' '• •' ' ,, I 

' . 
. · the valuea tbiul obtained with _those o~ta~d exPerimentally using ~uir probe 

: '' • •• .' •• ! . • • • - • 

. . . 

· cl.Oae~ eild that cr varies liDear~ With Ute d1aoha'fge. current.~ Recent~ 
• • 1 • ' ••• ' t • . .• ' 

· Ale~ aad l'alae~ ( 1965). studied the oomple~ otmauoU,vity · ot neon pleas 
\• . ' i ' • ' • 

-by. the Q meter method. The resUlts are gtveli reg~irlg meesuremento ot t.hlt acttva 
•• : ' •,' '· • • • • j 

91¥1 . reactive componento of the oonduo~ of th~ pe.rallel-J)late. C$l>~1 tor . 

oonte:1ning between ita elt>o:kodea tho plaama. of a poeit~ve gas .. d1!Jcharge coltaa. . . . ' ' . ' ~ . . . . 

~e tre.quenoy range waa .5 • 25_ MD/•• the disoharse curreata wem 5 ... 100 IIA, nD! 
. . . 

. var;t.oue gu pressure were ueed. Experimental re$ul te are in e;oti~ ~ement, with 

t.he : thctoret1C:tsl~ · ooloul.ated value••. 

: ~ 

. . . 

· .ED!O~ OF :HAq~~l~ PIF:Ll> Oll ~HE· COJ.mOO'riVITY OF ~OtaSE'D GAS., 

· , · Sia:e the pr\t~e. o·t a magnetic :field -o~;-ee the verioua oha:rQCteriatioa 

of e. discharge t it 18 natural to suppose tbet. the corai"'tivi ty of an ionime~ gaa 

will also ohNlge 1n pres0:nae of a magnet:to field. Coridwtivity o£ ioniltd gaaea 
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8lJOh e atr, n1t:roeen and hydrogen in a ma,gnetic i'ielci was meo.eu:red b7 Io~aou 

sn4 ~~ ( 1932) t'or pressw.'e &'l'ester tl1M 1o·3 •• of Hg. who ·:tound. t.hat aaxiH .. 

otho1• than those due to tree eleat:r.om aould be obtflimd. \iith wxy intonee t:l.el.dat 

onl3 the vib;-a.tion due to free .oJ.ectrona remained, the others diHppear:J.~ end_ 

the veluee of the magnetic tield 81vtrJg m.e.lcimum conductivity v~cd w:l.th preilSUII'll•. 

A theory regarding the variation of radiofl'eque~y cowuotivi ty w1 th m~etio 

field wae prOpoeed by Appleton and no:mariwaia ( 1935) who Bhowed fuat the real 

part of rad1ofretluency contiuct~v1ty in a magmtic field 1s given by 

where n is the numbez· ot electrons per t.lli.t volooe sntl Jt tb.e ooll18ion hequenoy,~ 

w ;I.e the angular ;t'requ~l01 0~ the nppUed tield a'ld w ~ -:: e H I Tll • i. s••ral 
tbeor,r. :regarding the variation of rediofrequeooy conductivi tJ ot :tontlled ~e• 

. . \ . 

lWdi-taa variation with pressw-e anti m.~til tield bu beer& worked out bJ 

G11ard1ll1 ( 1959 t who· derived the ezpre•eion for the conductivitY of aD ·ioiUzed 

·gas· uncler tb.Et foll~1ng usl.l:lptiona a 
. '' 

(a.) When tb8 distribution tunotion 1apredomtneutly epher1oall.y aymnetriaal ~ 

Yeloei ty apace but not aeceeQril.V Kazwell1an. 
- . . 

(b) When the elect~n· colliaion trf!quency is an arb1trar)' ·funot~oll of olectroa 

veloc1tf• 1Ebe value of the oaaplex ccmduot1v1 ty u given by 

In preeence ot magnetic field he defined two conduotivi ttloa J a conduotiY1 v ~ 

to'l' tba right handed pOls:riMtion ~.nd B. oonduotivity Cf0 t tor the lett handed 

polnr1aatioa where 
2 

-e l1 

rn 



. ' . \. 

I"'T = _, Uo 
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€1\ 
yn· 

·.' 

·, 

. : ~ 

+ 

+ 

o-r H -· ~~ [. -Jr:. . + -v<!. J 
II I )jC.2. + ( w- wb)'- ut"J... + ( w T wbf 

.. 

aDd after e:lmP.ltfioation 1t reduoos to the :ra$ult ob·tcdncd earlier by Appleton 

artd-Boohortwalla. 

·. JQ.'b!:r on. several authors ( Wu, 1965 ; Obeman and Shu:c-e, 1963; Schweiuu und 

ltilob¥r,. 1$6'11 Green et alt 1965 ) otudied the ioniv.tld gas in prsaeooe -ot: ~tic 
. . . . 

field and devoloped the theory ooneiderflb~r• 

neoent~ the co11plex oolklucti,vity of. a· p1ruwa 1D n steady ma&letit.~ field bu 

been studied by Pradhan ai ~ · G~ta. { 1967 ). they have dertved an· expe~ealon :for 

the.,caaplez Qond.u.c~viif te~&~-Q:t a b:Doseneoue class1oe.l pl!xeme. in~ ~xtenwl. 

uniform magmtic field \.U9~ng ·!Abe ltubo theor.r -of transport phenomollQ and ,have 

obtatmd ezaQt relatione between the ·ccriduo·ttvity tensor ·s.n the pl'eeenae of the 

aagnetic iuld and tn 'its n'beenoe. · 
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,,. ' 

the pteme~r1~ wolic ree;an'U:.uti the mobil1 ty of electrone 111 va:r1o1$;·~ea wae 

aom. by ·TowneerA am. hie oowomra ·(1'Qvmsen4 & ~u.m, 191:;). No1withe~1Da the 
' ' 

'ftV1ved interest in t.'J)e ~teaem--ement of ·tral'Wport coetf'1o1ents ·for low ener&V" · 

ell!otrpna cb.-1~- fmd 4iffueion through gaeea at pteo\U'i!la t.-anging :t"rom aevenll 

torr. to several hundred ·to~ (Me DSiliel references thel'e~ll 1964 ) little ~rk hM ·I 
~en done to add to ·this early·.work of Townsend ~ tte e:ltt.enaio~ by hie 

' . - ' ' . ' 

con~afi~uee to a nunb~:r of other m~e . ( tre~b:i . and ~· 1941 lllld :re-terences 

thett1Dt To\Vme~ ·. t948) • . 

and. :the dat~ detem~4 from. them· were lBlique ::foi' many ye~~ In fGlOt, beca.we o~ 

~amantal. .Um1tat1on to timo of tl!l.ght Jnsthoda the.·~~ a.vail~lble 4ata :fo:t" · 
., .·. ····:·:.· .. · . . ; .' ... ' 

•l~~~n ~rift velooi'tae nt t-4.gb.value~ .of B/p (rauc ot ellotrtc etl--ength to sn-

~··~:;Ut~~ .~ • thoee Cledvea. f~~ ·~~~~ts o~ tn3-s ~· llo~wtver, as baa lolll 

be~. ~~.u~ (ToTtn~~e~ 19;$"(.) ~:rO a-re··diftioul~iea in deducing preo:iee vfll.ue~a ot . 
• ' ' ' ' ' > ' ' I ; ' i' ~-

ded\14ed a aimple ~la.tion be-.en the angular. defle-ction. o:t the stream of· ele.-c1i1'Qu 
i '' ~ • . ' ' · , ' · , , ' : I. . t .. ,">~- • ,, l; 

·~,.:~ dr1t·&· veloo;J. ty by a.seum:tne9·. oo. ont~ . ~f. severe). _e~plific~tione, thut t\ll 

eleo~nlil ~· th~ ·~am have tb~ eeme Qgttatioml speed. Subs1quentl3 it·.ttaa abowr& 
' ' 

(~wns~xid '1931) th..~t, it p:roper account were take~ Q:f. ~~· dietr:ti.nxticn of a~ada 

ttitnln. the pm!lt1ii1 th., d:ri:tt vel~~i.tt~a tteduced. :rom. the simple .. tomula ~..a·~ be 
.-~ ·, ' : 

mu1t1pl1ed b1 ~factor W!arlY eqU31 to Untt:r the m~~tude ot tb\!l fr~tor aepeJILU.JI& · 
' ' . 
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Niel.-n ( 19)6 ). Al·thosh b Um1 tst1one to t~ acu!u.~oy of the data obt~l8 

with ~epe te~quee uve not ~lwoa'B boen ~J>prcci~ated (~an, 195'7J IowD, 
' ' ' 

196~ ) it~ tri mos" O:i.ra~tanees po.f)otble' in prinCiple to pmuoe data of btsh-
- . 

accurao;i t whtireaa tho method of magnetio deflection ;te ;S'!ieceptible to certain 
'• 

,e'~cantag& of error. 

. r-v~th tew ·:excepti.Qu ( es• - J!enlel' 19;,a, HaU 1955 )'the e thod hU$ been 

ebandriaed 'f.o~ the ·meaam•ement of elec·t:ron GDi ion mobilities ·but.-an attempt 

wee mfde by ltu.Uey atil.d zsar.ou (1949}to e:xplo1t the tecbnique ae. a. maatUJ o.t 
, 1nveetigBttni the dis~but:lon of elecrtron ~ner~ee:'in :B'lflim ~xporimen·tQ •. At that 

tiinej ·ae baa a:tr084y be~"l pourtecl out; it Wnie realiS$d that the. t~ drift velooi\v 

\Jet. could be· o'bts:Lnr;d from_ the drit't velooi~ LJ,:, memntred. bt· a m~-netie deflect1em 
' ' 1>--y ' ' ' - ' -

teobtttque o~ multiplying it bf a ·~ens1onl.ese t~otor. Cons~quent:cy- in thei'r' ~i' 
. . A . . . 

· Haxle3 ·am 1~~ (1949) o®p!tS.red·· cle~tl'Pn<!t'ift ve1~\:)e1;t1es meas~rl- by ~..db'UJ7 · 

. -.. aUd Niel~n (1S36) with val~e· of \JM _mea~Cl by a new. me,thotl ·baseq on To'nneeDd'• 
~ ·.'<". "', 

Qr1Binel met·~~Od and :f'l"olil th1til C(}lnp~J.BOU dreW ~om~· COrielueiot.s· :regarding the . ·. ' . 

) . ,, 

· Subsequt,;~tl.j, ff'l.'aXlcy: ( 1960). 4ef'i ved a · ri.sorpun_ relat:Wnship · betvieen · ·. · 

. ·~.· U11 .Q.lld showea- that thti coot:t.ioient_ 9 in -the l.~lfit1on ... -,. 
'' 

{ie~nr!G ,direc.~ on the tf8;f1a.i.'i.Cl1 Of the .~fllnerti;uat tr~t'~ erose ~ti,oa "ith 
. . . . ' . . ,, . 

eleCtron energy. The theory and m.echrm.ian Wl.!lo8 however furt~r atudied by marw 
• • , , , 1 , , , 1 

•, ;:, . 

. ·womero. ·Freet l!ll'i lbelipa {1962 ); En&el!iat'd1, lbeJfps Blil. filet (1964 ),. 301'Q . 
' . . .. ' ·: ,., ''·' ·'· ' ; 

· (1965 ), . Bltol"d ( 1966 )1 QfJS1lp'to~, El.~o~ ana Jory. ( 1967), and others~ . 
. . ' . ' .- ' .. '- . 
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The e:tfecrt of megne11io field otJ.. the mobU.itiee ot charee(i pari;1olee h- been 
'r" : ' ' '<' • ' -

8tl,id1ed by i!'o~nd and 0111 ( '1938) who ebowed that 1ibe moM~ ty ~f 'tllc ohar@ld 
· • · - 'i ' '. • 

1 I 

'· 

.·. · • \I ·.9) 
. wl -e. HI 1\'li. .. 

wher•o /Jet.• ~\nlObili v e£ oleetb~ ·.in ·'!;!:1 abaerico. ot ~..etic :field, e .• 
. . 

elec:rtro.n ollw:·~,· -me the electrOn mass, we tile ~nequency o:t ~leetrtil'la and -~· 

the collleion time betWeea electronS mld neutm.le. The eame aota..ttona a...~ .valii 

. for iop fJhe~ i. 1~ used ae subeo~p-u·.-· :9- am lieydon (1936) aonaitlermg· the · 

bulk properties of el~t,ma ~h~a have ~dwed tbat. · 
.; ,, . 

·at·~ pi'eli~"'lt 'of 1 .-. oi' mercUq aa.d u·O:cuv;·tes the 1~~ w~oiizy' ~t''·t~'eleo'\roa 
~ . . ' . 

in. tile enS• J;·t QBta eqi~ be Gbmll\ tlla.t. ~qu.a.1;lQn 'f9)~4teeif W tquatiO~ ( I 'I 0) 

u a s:IJriplC calculation.' :l.ooar~i~ out. '.ihe dewmtnation: of electren 'mobili v ill 
~~~· of the m~tio i'ield n:U 1Ddicate ··th.o illver~~.ctton et ·tn.e fie:ui w1th She 

:o:;r~o.n ot :tile e1<:etroM flZ:1d will e&able us .to ~rift the tbeoretieal e:preasio..a 

cledwed by 1Wfnsau4 ·ana. Gill (1937} _and m.&vJ.n and il(\fdon ( 1958 ) •. FUrther in c~ 
. . ' \ 

. ' \ . -
of b:rakdown of e;aaee e:;ooite4 bY rad1otrequency voltage the loo& ol: eler;trons liM · 

~on :waartbed to .. &n.obiliV ot the elec.tnms ·Gild heuae in ·preaeaoe ·of magneuo field 
. . ~ 

thG dete~Uon ot mobility eoeffioient .will enable WJ to caloulate 'the brcakdQW 

wl~ -om·t:tonl.l8•· 
'•; 



~I! D!ar..trement ot elootron mob:i.l1 v in presence ot aagm tic field bec001e• 
.. . 

d:U'ficult. ne the mob1JJ.tf ofoharged pnrticlea 1ta~lf ie mnGSt.U'fld by magnetic 

tletlecticn D thode 'the . {>resent. nuthoro have studied . the mobill ty ot elect~ 1n. 

p:t•esence ot mapttc !ielii by two ditte~~ent · (i'Ci.tber indirect ) method• and 
. . ' ~ 

vcl'if1ed ~ theory Biven by Townaen4a and Gill ( 19~ )md Blevin om Haydon · ( 19ea ). 
,, . ~ 

L 0 W T E lC P E R A 'l! U R E P L A a M A D I 1! ]! .U S I 0 lf I N ?f. A G 1f E T I 0 

Ord~ dit.t'usio:tl o:t ~leotrona and ions acroos a magnetic field is on.uat!d bJ 

oolll•ione. The claaaicld 'bi~ oPllis1on d1ft\te1on theory {no:!ml d~:rtu.ston 

tl1e017) which :l.e~aaed upon thftequntion o:!' motion ·of dmrgttd particles ie 
~J.-

:SOltintm'a equo:ti.onA.. predicts Ia greatly :reduce~ di;f'fueion rat~ in the (lireotion 

. ~roEJa a etx-o:;g m~etio fie~ •. 'the theory hS8 ~e~ eont':tmed by expertm.enta 
' ' ' 

The developml:".!nt o~ thie subject dttrine tlle past decade has been hith:13 

it.nfluonoed by ~he pionee1~ ·vrorl!: o:f.l'l.ol~m, Burhop, ft1ruu::4ey eJld W1lUt;ms .ana their . . . 

. oalleborntcrs ( 1949 ). · .. 

Ea.rl1er reviewo . ot thie topia have besn given by Si;lon ( 1958 )1 . ~ Lust 
' /'.' . . . ' ' ' 

(1~®), by Paulik• (1962),by Hoh (~.962), by bechoten {1964) n:n;~ by GranoveekU 

( 1966 ). A:1 extens1Ve dioouasion Oil th~Se Pnlblems is Blb'O due to .. whn~rt ( 1951 ). 

1) t.L 
D1 

Del. 
I\ -. ' -::. 

?..- rY?... w~ Ye:~. l + Wi..·,Ji + 

W· -:: e H:t /111~ We -::: e. 'H ]: I Til.~ ( 1'11) 
L 
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1. 

whflre Di.ie tbe diffusion ooeff1o$.ent -ot 1oM 1n ·the a.b&ence of· a megrietio f1el41 

e th~lectron charge, -m, the ion maea1 · wi t.htt Q-rotrcqueno.y ot tone• and '1'1 

· th8 collieton t• between ions and neutral.e. 1lle eame note.tiona are valid 'for 

electrons Where' e ':i.e ueed ae su'ba~ript. Here we mai~ confine the di.-ouss:i.on 

10 a we~ & ~q].y 1o.n1t.e4 ·gu 1n which ·on1; ooll.icliona With ft€n"tral partiolea 

are important •. A risoroue treatmen-t ot ditf~ion. coefi~Qi&llte (•ptioa 1· 11 . ) 

1n auob a gaa_h~ been t§lven by Otwpman and oow:Ung (195$). Golmnt (1960) has 

e~tended the:l:r c~lcula•iiio;l to :melude ·tbe affect o"t eleQt:ron-irm interactions. 

DIPlftJSIOif lti Af..C OHA,'!E.ERS 1 

~ are of aome ·amPeres ill a~k.' beWieen ·tAte filament al2d the ·a.twde. 

lo~sation tflkee plaee in ·&1'0. coiunn oon~ual,y, 't.m.d the pi-Odooed charged 

p~ticl!s d~iwiJe' radial.q ou.t w~s •. !lbeoe-' :tom a 4leconda:ey 'pl~ 'bo(ly t b.avi:lg 
:' ' 

'~-'··tem~raiw!e. 'Upto ·a ev; 'Q.ow&l ·the 'are~ In ge~ral., electron n~~tral Sud ion 

'ncu·t~·al collision dominate. · ·' 

... T!le~eoo~:p~a bodf 113 kept ina.stcac11. s·~t~·. partJi by t'ta d~fuion 
. alorlg tlie tll~tie fiel«l with subecqoont reeolilb~tion'a.t the 'wails a.IVJ' p~ 

b¥ ·radial t1~1on uoraes the mat¢etic field.~ <ibvioueJ1. th~ o~E:lCteristio 

·.ej~idUJg. lA'l~gtll ·-x·o; hi whi~b .t~ic plasma derwi·ey decays·rcdially, depende up(m 
' ' . . ' .. 

• • • r . . . . , - . : • ' ' ', , . , , : , ' ~- • ~ • ! ; , 

·ijhe ,r~t;;to between ·the diof:fusion ra:~e o;t .tbe secondal:'$ plaana along and ~wsa 

tl~ ':m~tic f'.ieJ4• ''lhe val.uee Xo 'c'mi be obtt4,n"d bJ mema~ theion-deJJSi tq 

ct:J.stribution w+tb .. probes. :With tbese values, the tranSverse di.ffu$ioa. 

coclfficlent' of ions arm 'tat detemi:ned and cQDpared to tnat_ etven u ·eQ.U!lt1i>a '( 1 '11 ) • 

. · A. c.orl-ect. app~ · ortlw· '~ · tlo1ual ·Diftueton. ~eor3n' ae~ ample,. but 
•• l : • . ' 

tn .:t~ali ty a ver;~ co•pUcated, problem was f~t g1 ~en by Simou. ( ~958 )' aD1 

'the~ by Zhar'.t.r»v. ( 1960 ' )., A mo~: a~rtail.ed ana7qsie ot this problem .haa ~en 



t;.1:v~n b;;. Tonks (1929 ), Who appro~,ched the _ p:roblem by asa'Ul!ling ~ approx:lt!ate 

-:Dol~. eqW.Ub~lB for the eleotrons a:Wng ·tlle :Qa~tic field, but allowed a 

tw(!Jii .utriiat;!:on in the pctentil).l.-

. W~ tb a cylJ.mr.t.e~ geomet-ry Neid1H}l and SimOn (1956) were . able ··to show that 

X •. ~- · '/H1-.and tbat X_. oC · Po 1e 1D accordance 'With the tbl:toey ot 
f 

Simon~. A:t lower }tt'l!!cout-e~ X 
0 

. cC - P. 'h : wea, t'e>'UDi 1n agreEment with Totlka. 

As ealoulatea :f:mn eqWltion ( 1· ., \ )1 Simon claimed a eatiofaoto'r., agreement. 

:Further, he .fat.md Ed.tdlt!!r tigreeJi'!.f!tnt fro:s1 i.;obm 's data.· S1t11on ( 1958) conclUded 
,;. ' ' ' . ' 

that pl.eema o~cillatione · hwe l1·ttle effect on diff'ooion and th$t m> drain 

ditfuaion moohru:dsm neod be propos~~·-

. · L~ter, 13deoohten and S!)bwi~ ( 1961 ) etue.ied · the transverse dif:f'tmion of' 

e:i.ectrone and: ions in et l.'1rgs dn:i•t tube imcrted tn a mognet:tc mirror field 
', ! : _.,. '. I ' '.•.' ' : • : ' • ' ' 

-~1ltb a auall ~irror rat1.o. Ule aepen<le!J:!e Xo . oC. 1 /B~ -..:found in 

G~oment Wi tb ·fit0 observation t;y Simon .and. Neidigb •. 

. . · · ~nstead cf insart.ing !)robe~ into -the plamna. ·body, Zharit~ ( 1960) !1ountecl 
''·' ' - ' ' . ' ,, . 

h:te.· :proboa out~J1de. the :plasma. Th:ro~ holes in th~ anode, eleet~n c~ :ton 
·.' . ' ~·· ., ' 

O'U't'w~mts along 'the eorrenpondini~ l.ineS of' fore~ could ba OUlleeteQ'. fJe four..sd 
' •' ,. . . . ' ' ' ' 

. ·the 'elec·t..rott prO~ ¢\lrt"tlnt in.td,d~nly inel"f!Hlfled;-' b~ 8ll Ori!el." of magni t~e at a 

ce:.t•t~n critioaJ. magnetic :tieldt Wh~rellB the iOn OUJ:l'Ollt remained. UDal'te:reda ... ' . . ' ' ' ~ 

· ~PIP¥\lSIOii m. ,.£Zosri.J:Ivi ·aowM~i • 

· .. ~. xQ contrad1ctioa to the ero plasma, the radial denait3,.tU.etnbution in:& 

Clli.mrioal poa:J.Uve ooliim iml€1~&ed ili e. .ntrong anal..a:l~tic .fj.eJ.d 18.· 
' ' 

. ~opeaien·i; 'Of 'tile ~e~e ·:tielde Neve:rthaltUUJt _th€.1 p~~ticle. f'l.UX .tO ths 



' . . . 

. .lo~ refleota t teelf in the d11li.niEJhetl re.te of ion electron pair prodwtioL '-'ble 
..,\. 

' . ' 
. reqUires a lower ~lectro~ temperature end deoreased anal ele~trto tielu. Tnwt, 

. ' . 
the · trensverse d:l.£fua:i.on coetfichri't CI!Ul be e~Jttme.tt"td :t~ 't.hemeaaured wd.al 

· ... 
:.:; 

.. ·SCnot~•e. theory of: poa1t1ve .coltrnn bna been eJttemed by 'l'onka (1934) and 

bN. mckerto~ em von ~l c 1955 > t<,r 1n01~e .. the intluenDe ot ~· ~al ~~o 
fi~ld •.. ~ter tetme:rt (1956) .regO~O~~ re-e~ed VariOUS. aspect• Of the tbt11017t· 

; -·. '<!·•.. ·: 

D'Gill""lling f~· t.~e aao:rqgjcopio .~qat1ou· of' ~l~ motio• o:t charged p&rtiale"• b 

corr6apolld~· e:de~io~ o~ :~~ ~ 5:'0~ 1s thaoq .baa bee'a carried. out by 

. llioke~:trm: eDd. ·von \Ene~l~. Who. ·~o: ~·cxperilneu~ vertfi~d their':·thoory. nob ( 1960) 

ms4e.'the sane .illitial· cestmpt1o~''as those ·uated ~by Ie~ri, ·to write. the ~io 
... 

~ ' b 

\ 

•:fue electi-on tem~rat~voe· ne~~ooacy 'to produoe the. rct'auired· i,onization rate 
•F • . • ' 

25 (T~) ~. Of1 obtained :t:rom ·a relation ·Bivan .. ~ Von ~l ~ Steenbeck (~955). 
·.en. tne. o~r,hr.mdt .tllo axia:t el~otric .field ,El~fil. also ·aome~·tect w1tu .~lec.:tion 

'' . . i . • 

tempera:l>ure tlm:n1gh the e~I&Y .blll~-mce rel~tion; i~e. the. ener&Y ~n ot an . . . 

clttcr:.~n in ~· :fi~ld (t between t~o 'oollui~na- ~oUld, ·,on ·~,·~~el'~e, ·c~pe~ate 
.. ··' ' ' ' ,• '• . ' 

tlle ener~ loas of the electron in, a c:ollisilflla· Denot1na; the avet'age fraotiona.l 

e1J1erti, losa oi'.tho ~leatrorl ~om r;ollloion by K~ (Te) t it was· found ~t 

.· .. 

•bore · Xe-1~ the electro• laean tree path. 'b all~~ equat:t.o~ 1sj):)l~tted by -~ 
. ·. . . ' 

k e ~ ~~ ) tunciion $1~eli by l:e!m.~r't ( 1958 ), ~a b~ HOh antt lebner'C ( 1960) ad 

\To3eoaek ( 1900 )~ The di:t'fu:sion ooeff1ctent D ;l 1e $'111 ~:gprefaed as a tune.t1on 
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ot . E :l ria the tumtiOD* a ( Te) I!Wd· 1-<-e ( Te. ) • iesentte.ll¥ the effect Qf an 

a;d..Ql magnetic tield Bi!: :le to deo:reaae 'D~.L , Te and hence, alae lS 7:. • 

'1'he Ule Of the ui.Ul electr.ic f'tGJ.cl tl8 a moaeure- Og the :rad~al di:t'fullion 

hs8 been cr1t1ciiied. Fil"Gt)11 it hae be~n pointed out that the axial electric t1el4 
' ' ' . : 

ia a ratno:r iQFJene1~1ve mcuure ,of the parttcle loeses (IM:tmeri 19581 Boker. G. 1961) 

secoD1l¥t both 3 ( Te) and \-<e ( T~) were Calculated usumirJB a J&!lxwell1aa 
. S-t 

di.E!trlbution of the el.E:1ctrona (Ielulert 19581. Von :Ea&el 1955t f.cbr 1961 l baa L9e.e.,, 

e~eeted tb~t.t use of tbc radial.-potenti~l 41stribut1on provides a more semai t1ve 

methOd for the s'tuay ot radial 4ltt\1Siou4! 

·. Ia spite oi these facta; e.:rpo:r:lmanta With a bel1ta positive coluua m a 

'~e't1o field showed iQod agre•nt with tbe tbtoey. Actual~, recent probe 

mae~tU..'t"etlleDts 1n the eaperitllente of Von Gt~rke mid ~.'obler ( 1961 ) ~ that 

the electron veloci t;; d1etti.but1on in a hettua· poai tive col~ ie vert neal:'ll' 

Jfa:Dellian ~ <1oee.m1i change VC'I::'Jl much with the magMt1c field. 

Ear]¥ experiments ~ Bohklin (1939), ~1 Qt&:tnge eDt\ Toau (1941) and bJ 
': 

Reiclu'l.del am\ Sp1ftk (1941) of the poe1t1ve ool\101\ m· maanetic :Uelde ~ail.a'ble 

were found to £d,va l'f>)eulte iJt. agftmrreni with _the theoriee {Tom & ~utr 1929t 

1939,. SChottk;V 1924) l'Stert Bickerton tWl Von .Qsgel ( 1956) ~d tha-t the 

post~ve oolum beh&.Ves m accord~e with tilt =rmal~ffueion< 1heo:ey u aa ax1a1 

a~tio U.cl4 up to 500 sause~ 

In extending these experiment$ ft) straagcr m~tic ttelda a to lo~~ger tube 

lun;3the1 Ibhne~t h958) male the !mpoz1;ant diec~",that the poaitive oo').um 

-.s.4eftl3 lHtceaie l,Dtable {\,-.yl that ·the tra:rwvera• dif1'ueion inoreaMd sxest]¥ whea 

the rud.ala~tic :field c::t:~eee4ed a ce,taintritical V*lu.~ 

!fo~ end llllmert .(~960) mea&~ the ~a.l eleotdc field by tho pro 'bee, aa a· 

~t10n Of the maazwt1C 1'ield _ami Whf!l\ compared with.·the nOrmal diff'Us101l theOJ!7t 

#Itt tbeozy 1'1w thft e~r:lrilental vw.uir quaatit.ative]¥ Jlpto a ae.rttWI on t.tcsl 
' ' A . ,- -
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The delpend~uee of .~.~.e o1•1 tidal. magnetic field on the presEJ'U't'et tube rootus, · 

41fforent gases, an:l the end effects has been e:rplomd systema·tio~ { Hoh lk. 

·IehrJ.ert • 1960 ). ~ · tbe c~nts collectod by probes ins.ide the pleumt 

V&&U.eva m·ul ~wsk:ti ( 1959) founi some kind of tmomsloue du.funion by wins 
probe techniques. 

· · :with etereo-streek photogr.aplw1 Al,J.en1. 'Panl.i.kas and Pyltt ( 1966) toW'¥1 that 

the current ill ·the positive colunn coooent:ra:ted in a :rotatirJ.B SCl'eW shaped 
'· . - - . . 

-chamtel vlhen the magnetic fi~ld juat pe.ea~d 1te critical value. Tlle rotational 

~quewy end the Wl':Welength 'of the helix,· ~-·~u as the cntioal aupetic !1eld 
' ' 

llCf':lStared thereby, 'Wel'e Of deciaiW ir:tpO;l't~Oi'l in OheCki.ng UDl confirming the 

theoretical predi~tione made by Kadomlsev ~-Nedoapa~ _(1960)o TJ~e oritioal 

field measured under vartous conditions was in good agreemtm.t wi tb previous 

e:~tperimental results ( lioh ll: Iehal:'t 1960 )., Further, tb.e radial potential 

cb.e:I'."Ved also etJerrm to ~e With trutorotio241 prea1ctiooo (Hob .1962, Jo!mBon 1: 

Je~e 1962 )o 

.In a lo'n presaw.-e PIG diool".;.;\rget 'BoM!31, D.df:f'ord; ~SQhe am !<lanu$ (1961) 

:tound tilci·t the :r.•wlial e.nomalous diffusion decreased · o.gt'dn With. 1ncreaatng magDetic .. '~ 
. . ' . ' 

fieid· at .maSU'tic tieltle much lr:ll't:er than the ari:ticai field. 

' ' !Urtb.erl J1Q rotat111.g $Crew shaped cur.t-ent charmel was, observed itt oon.traat to 

other experlmentale {Allen et · al ·1gGo, Johnson & Jerde 1962 ). 

Von Gierim ant Wehler ( 1961 ) have eXtentied the experimcllt& to imlude the 

effects of additional x-.~. :ton1mt1cm ( 4-'·M I-ll )t h~Uool.m.ultipolfl.I' mt1t-,teti~ 

i1elds1 and a pure aaimu~l m~gnetic field •. Johnson and J~e (1962) studied the 

s~rew tnstab:i.l1ty ir1 a magnetic field thfl't anooth~ rose to ita t'ull value 1• a 

time of the Order of few millieeoonda. !t was :fo~ that thE! critiCal m~ tic 
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m.a~tic field. by sugeseoted ·tb.e:'r.'i the rising magne·tio field indwed on 
; 

aeimu1iM!tl electric tield which depreeaed tneome't of the imrta'billt\f• Further, 
. i 

it the statio axial ftl.\')Otr.ic field were replaced by ca'l a.c. field (Paulikar 1961 ), 

the tmtabil:tty diaB.ppeE~ed when ·ttw mquency ot the a.o" f.ielu waa h:t~r t.tut.n,._. 

some tens . .of k H 1 • AU these obsorvatione seem t9 m compt:1.t1ve w1 th the screw 

:.tmrt.t\hility thooey (Kadantaer 1960, Hoh 1961, 1962t Johnson 1962) although 

a d8tailed protSt hae not yet been gi•J'en. ~he screw imrtabili ty also seo.uw to 'b• 

operative. in heavily' dietort.ed ge~trie8 (E.Rlzum, Hoh and Lebnel"'t 1960) and secu 

to bE abae:r:"V~Sd :t.n connection wi tb microwaft mer~urementa of tho electron 

t'e.lllper8tu:re of a po$it1T~ coltmm in magmt1c tittJllle (T:iro~m et a1 1962). 

A mw me. thad for obtaintng electron diffusion coefficient has been introduced 

by Jurat P..nd his CO'"tio:rkcra ( 196') at the Oak fd.dge litlt1onal !Abomto:ry. 1.1:llis 

merthcd ditfez-a :f.rooi TuWn£ie!l£1 • 11 (1915) in· that it requt.:res pul.Sled ra·&her than 

al<e~.dy a tat;~ operation., T'M-tec.b.n:i.qu~ dU'fe:ra from. the Townsctid and eleo trl,.cal 

1Jotb the drU~t velocity and diffusion coefficient. 

O:trulovekt1 & ~ov ( 1964 )• Mcutlt&an ( 1965 ), Granovaek11 ( 1966 ), SC11wirf21d. 

( 1966 ), _o. ~~ ol o fh e Y s . 
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the ~t source o:t exieti.ng knowlede;e about the inte:me.l structure of the gae 

molaeules, about the· emriroment in which the gae molecUles e:z:i&t1 and about the 

et:tmule:ting collisions tllemselvee. !\adia.t:too from gae diaohe.rH~.u~ hea eupp~ed 

means of measuring ntomic abundances, identitiee and ch~iaal reaction rotee • 

.Aa underetandi:ng of the rooiation t'rCill (J:;.S dieeh-~rees reeta on th.e elu:it!atio:n .o'! 

two aeperH>to etagea in the p:t'Oces~ (1) the release ot Ett2r€J3 as rad1atio.n by the 
,·· 

gsti mol.eoulce .and (2) the delive:cy of emr(NI to the goo moleculea. Booh· a.tof'!lio or 
' . 

. ••9 ( I· I 3 ). 

The probabili'ty per unit time 'thut such a. transition. wUl occur epon~o'Wll.y 1a · 

an. atom e73':1 ted to tM ;Jth etate as given b~~ 

.. o( 1·14- ). 

X,. 
J l 

te the mntrix element of the dipole mamcnt for the tl'lllMition ::t.t'an Ej to E i • 

ft-oet comn.onzy oocuring r&Ji~tior..s are dipole _radiations, but trmlBi tiona wllioh are 

fo!'bidden in dipole ratiat1on by ·cb~ identical vamsh:i.!'lg of X j L can 

e001e·t1mee be ovcervl'!d weakly in quud:ttupo]e· or }!1nf.;:;,.uetic dipole -x-'&diation wi tb a 
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. . ' ' 

ellqwe4 tranr~1t1o~: Hera Cljie the orbital radius of the upper ata.te. ~-

tie~a ~ penll t :forbidden traD8i t:Looo ~. 

I~ the probabil1 t.r per ua!t t:Lr~ie. ot epontafteoua «'lli1esion ot ~quency J bJ · 

. a tJUl~le radiator 1a ~ it ia~n :Pri.m1p1e poasible ·to t:u:apute tba ~ten.l v 
_ ot rad1e.tioZJ. :Ww p:rees\ttt! &'t\8 oiftcherg-&a, 4eaptt& ·the 1-eal eomplexi_., ot th&& 

' -

. . 

oom.Plex ~$;t."W;lU,on in teneetnal hiGh prea~ dJ.echlll'j.}ee 0%' :1& stellar a'tmospberea 
' ' 

wmther at -hisb or low pressw;et. · thtee laet being cccapl1oated by the:b.~ vest eztena1on 

over· af)3Ce• A l'IOrkinB crJ. .. r1on for a low p~snure £Set dl&»>barf§e, trQQl. the opt1ca1 . 

poiQ.t Of Vie'Wt Cal be tllat it aho~ not SJ)i>re01~l,y. reabsorb ita :t'Sd1e.t1omt 011' ta 
' . . 

o~r wordff "that apontanecn• ~"ltion 18 l't'M fWl.e raditi\tion proceas. 

F()r tboet tt-ablt1 tione which pMQ uabir~th;JI'e4 tbroueb the gaa• the m.1&)¥81e ot 

ratU.f.\ted 1ntena1~ ie ·~~ tonto.I4. U lij ~lel'ft 1» the population of~ ~tb 
. . 

•xtited etate of tile ~~tor.' tb@n the ear;Wl\tiel c~es is tbie poPUlation wt-11-

, ~re~t about by l'64iat1w trarasitio» to lmmr etatea, rad1at1ve ~tiontt fftml. 

u,ppe;r ~rtawa, absorpt1o& tft blockaded ~und · rit'lte rediations1 end eo:J.l1n1on 
I ' 

iatfl::raetiona with otlwr parti,olcil• ~a s1stem o1' equations govert'lll the etert!1f 

level popUlation~. 

oC 

I_AKj \'{~"' + 
K~ ~-tt 

' 
••• (1·15 ). 

where :0 j :I.e ·the d1ttwsion coefi'ic:d.em f'ol' ota.iie ,1 l'$dia:to:rif4 'ihen ;J ia om or 

tb.oae sta:tea wbich :r'adia;te to tne ground at(#.te, ~en amali'Jrtng thrat the d1tfue1oa 
' ' 

trea·tm.ent of block&iied ro41at1on :t.e edequntol a s.econd net of eqwation 1a needed. 

H - Dv \7")_ f + hVJa [ AJo l'fj- B.~ f U, J 
••.•( I• 1 6 }. · 

_. 



·wbtn:e· »~,~ 1• a· photon 4i:t'fu810D coetfto1ent defined u c /3R where "C1' ta ·tbe 

ve1t'Jo1tr r;~ 11ght E.Uld B 1e photon seo:rption co.:f'rtoient. :f.ill.ntine:t~ t.be ab~or,pt1on · 

tenn betwe~n the l\ f:Jt tWo eq~t;\one ~e~ toot tbe ·sao· densi'fl' is lr.trge .. 
" . - ' ' . ;; .. 

··~·N:· \7?. 't/ ~ -= :D· ·;--

dt J j 

!• 

where . f ( iJ • monocbromattc ,~:t.ant em~ 
deno1ty 

P • produc:tion f\motion . . ; 

j -I oC . r~d't I'{· 
J + ·[ ji~j NK -\- R J--

l =I 
f<" ~-\'I 

••• ( 1 ·. r 7 ). 

' ' . - . . . 

E:Wttltion iathe pr.imord:J.ai souroe of all·radiatlon ~ 0l8 diechs:rgef)~ Eadiaton· 

1ft ·an.y etate may abtK>rb the .kin.etic· emr8JI ·ot ;Sm~ JlC:rti<:le$ and.· iP over !ntc 

hiaher en;.:rgy states w1 th a m1n1n>\l'll ot'mat...'"iction lJ1 aoleot:ton betwetm etates 

,: . 

oleo t~us tor variow emt t:tng ~:1 t:i.o~ have b~en carried out along two general 
_..\; 

limtt., ·F.i.r$'tt' electriocl· mewsu;remente have been made of· the traction of eleetrona 

which .. bav~ lost disc:ceiie. ECoun·~ o:.f enl'i1:8'.f• ··~cond1 optical mea.e~ente have _beea 
·' 

ma4e. \of t.ne · n·I.Qbe:r• of photou ot a g~vam ·apecieG emerging :f'l.'«a a gas th!-oush 

which a .knoWn charge bi:JiJ pasa~d. Doth methocUif' a~ dif.fi.cult and the 1'\!Jeulte haw 

p~d :quan"tita:tivel.y diG"ftdant with each other and ";ttb theory whenever quantlta• 

"t1ve :mec~a\U'eaenta bnve bee-a posoiole._ 
' 

~re are dUfttrent prooeasen ot SZ)f.tation where the highar e!3e~gy levels·_.. 

pop'IA'h\ted. The e.lectl'Qn jmpnet8 ot- tile :ti:f'Gt ki~ ill where electzrou collid~f wUh 
, ' . 

o-ther 'partiolea to give tta e2Citation en~rriJ3 und the p:rocees ie gQVeJtDed by the 
. ~ . ' 

cr 
. ••• ( I· I g )e 



\ 

..;,. ·~1 ·--

where B1 .m N2 ll'n! coDeeatratione of_ coll:ld111g ps:-Uolee of both speote•• 
• • l to ' 

U. their mean :relative velocity Dll4 dl'f /cttie t,M rate ot production of the altered 
'' -

!JOlecular etate. Excitation by aaaoivc pe.:rticle :lmpecta have got radiation ettec1Gl­

ciea extrem!!'ly low canpat'ed to that of- electron end it is eeey to eet up Wbeidiar; 

·'proceases :Lnvolvi~ impacts ot treo electrons which will a&uk the deaired -etfecte. 

In the J)rCcttae ot exci-tation by' absorption ot photon& it is :t'oU.."fld ae in_ 
- . 

. . I ,. ·_ .. 

th.e emi~aion ot':rs.cUationJ the saleotio:l' r.ulea appear to govern :i.te #li.beorption 

rigo~\usJw • Apjlartmt devie.tiona have e.lw~a. reeulted 1n 'be dieceiler.; ot sublid.d11Ju7 

proceus involving o·tbe%' eys_tema. The role of volune recombination into e:m1 ted 

statee proved e.a iulving very roirio~ effect botll eleotr1~ cn4 1a the prod~tioa. 

of radiation at low pressure. VoJ.uae ·reaambinu·~;toa o~ a eleotroa, .f. ve ton t»1c.\ 

pho·toa ~ysta 'ana positive ton aoea.u,;.e ·:ton- .Yet$ 8a:t be ·lookltd Upon ·aa potentiaU, 

leadin~ to ra41atioa. Vo:\u.ne ~oomb,iDation in sa/ ot its fo-nu., wh1i~ .111aoJWpicW)us 
' , I ' " ' • 

1n eeti~e diacha:rgea, ie the prom1Jiieilt aM uPique aouroe ot. radlttc:toa from loW 
. • I , 

priisil~ nt·ter glows. In complo_te f!;(IIN.rsl1 .. '\y, the prOblem ot the fl~ of population 
• ' ·~ ,1 • • : . • • ' • : ' • • 

··o:e .~ one state illuat be . .dealt v~t-th by fim1ng the !luxei!S l!or aU statea. In 
,, 

l'f!atrl.eted oasoa however, .1 t1a poes:t b" to define a cascading coefficient ."which 
.•. 

~<J~ ·~ ge~ral. solution uzmeceDS!U'3• ?.be' reetrictton ie tulfillt;d -b3' 

_( 1) el~~t!'OD. ~itati~n f.t'CrA' the ·~gro\d' atate (2) ~cccb~tion" proe~sa __ ,-, 
; ., 

,, ... (3·) ·c{~~li~one ot '~he second ~· betwee~· to~:l.gn _radiatore mid ground atate 

· part1q~~~. vme:.re the necesstv ···that th~ o~ population .at each etate -be 

derived frt1$ a (A)urce wbi.Cb is· bldepen1ent ot the :Ln41v1du.al excit~d atate 

popula·tion.s is :tUlfi~a. 'me proea$a ot cascad1ns is impo~tont to aPQntateo~ 

trens1 i1m1 :t'rCm the U.:>pc:r state-a or a. :radiator to the lower stc:toiJ which fmniJJbee &A 

.1gniti.c®·t p:oitt1on, although not a snejo:r• port:t.Qn o:r pu,pu.1..o.ti~n of '~aeh state. 
' -

The ontei' proeeaa ot depopulating levels ia almost in-"turlf·b~ Sl~1lt£>.neoua 

emieeion. Oollisiom ot·the QeooDd kind are eleo a depopulating process ae well 

as a. pop~ting process. Sometw.es the result o:f the. col.:U.aion is an emtumge o~ 
. :. 1 t' 
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•tate• in which bo~ popUl.nting cmc1 depoJulati.ng procesaee f1sure/ Bouler Mod 

Sohol'lherr ( 19:i5) atudie~ the r8diat:t.on of Hg ( ) aa.a 
~1.11¥3t1on of preaaure l"Uld cur:rent t'll1d identified bOth p:ressur~ and. current ·. · 

.··=.-

dependent loss~u w'.aiOh they attributed to coJJ.1.Gions ot th0 second k:h1t1 Vi:1·th 
. . . -~' ' 

. ' 
obQtl!X"f'ed th::.t a marked decrease sets 1n ill the :tntezwl ty of radiations traa 

diechrill .. 61$W• This is apeotail;-~ ~f the inert gw:Jee •. ;tn holiun thie decrease 
. . 

seta in at approximntely ·a~5 :am. 1l8• Meyerott ( 1944) opened the ~ to t4l · 
. . 

1D'lottstaM1ng o:t' th1t1 prooeoa by. 'fiLe suat;eet1on ibot the population of He2. ~ 
+ . . . ae2 and presuat\b]3 other molec~ 1ona m18ht be larger the.n previous:cy eatimated. 

Bates ( 1950) suggested tll.at the large microwave · recomb:41ation ooet1c:lenta could be 

t&ds.Ntood as d1aeoc1ativt! r.eocml>i~t!on W1 th 1.:. Iiutlpe ond :BrolQ'l (19S2} :1eola­

ted large qu.anti·ties of aj :trca:a hel1m d:i.scharsee ~t S ·m. Rg. P!'fi~SW.'e b;Ut 
• . r 

potelltiala ot'mo~cu+ar 1o11e in :ooble gaaea could not onl\r be explained by the 

exiatem.e .Qt colU~n prooe~n of ths aer.~m.kitid 1n YthiCll excited h~llun 

atOm.~ formed mol.tjoul~ ions -tipon _coll:to1.on with neutral atcmo. .m;.;w;Le:r P.nd 
·.-; . . . . -. 1'\ 

Dufte_ndack ( 1949) had proposed an midt~t;titicd process of . tile s~cord kind as o~ 

,. _, 

o~ the suppoei tion that 1 t would require de~(ltion. oZ the entire en.1. ta.tion 

.energy '..n the kinetic toetn, 1n de:t:t..ance -.of the nanck.CQndon prin01ph~ ~:he 

depenu,enoe :Of the 111\: enoi ty of the spectral linea upon the tube C'Un"ent WOO. 

im'estig:::rted at both hir.;b end low gae denei ties holding tu"e poten·tial cona1aat. 

1b.e :relationship Wll$ f'otuitl tom linear wl thin "the experimental erro:r be·tween 
. ,.. . -16 . . .. 

the ext~a ot 1.4 x '10 4 and 2.5 x 10 · ~toae/c.c. Thie relationship was . 

obe~rv-ed :for all typee o:r tri.Vl01t1ona and over a curt-ent :re.nge frot'.A one to one 

hUD1red i'IJA. ~hie hoe been :t'urth~r exter.de~ by t.,~r; work of !.A)eS wh.o r-eports a 
'. 



btene1t1ee • a fuact1on of gu donaity of pmot:l,olea pe:r unit volt~~e ~l'e 
. . . . .. .., 18 

:l.nv'eet:tga~4 ·over a wide rang(1 of dsnaity oxtendi~ frcm 2 x 10 to 1 :c 10 

.w1~uleo/c.c .• ;hol<U.ng t"tWG ~'t.U:Tent and potantU-1 ooDStant. AU the demi ty 

va~ · intensity ·c\lt"V'eu have esnentmlly the aame fom, rate of dacav a.nd location 

of. ~.te me.z:Smuno One outacand:Lng exception 1~ fowd tn the 2.-3 P - 3 3 n 

transition Which had a brr;.u-"ler ~\D. and slower :r.a te ot decay than tbe others. 

'llhe mmdmua was locatt!d at about 1Smn. He-01: pressure flbout five times the value 
' • 'fou:OO for other transi tione.. Since th:Le tram:t tion c::ol'rao!Kinds to 5975 A, , '·the 

...a.a11 leads to a p:t"'nomwed color chnng~ --~ the discharge between high a!,'d low 

p.:rese~a, the high pressure diachf"...rge being· yellow, while ·the km p!'easU:re 

dieb:hazoge is bluish ~e-li'. Mea$Ul"8l\flnte hG.Ve been made of the il\1e11&1 ty of 

raai·a:tiozi ·~ the low voltage aJ!C in mliun 80 a ftmet1on of t:JilS d6neity, 

tube· om--rent a~ tu!ie potentiel.o The exparimen:tal results indica't@ i'.tlat the 
' -· . ' 

radiation is the re~ult of a pr:t.mmzy electro& process. 'l';'lie process bae been 

gene.ra.J.l3' as~d to be dlt"&Ct e:rei tatio:n. Sooh an elQ>lsnetion is not :fulq in 

accord w:1 th the I;henoroeaa. ot>servei and so posoib1li ty of an WTeeogniaed 

Little or mthing Me been r~eported about the radiation. ·p.-om TO'm'Wtei\d 

tU.oohezoge. Oragge end Joffe ( 1947) indirect~ l#hoW~d the p.!i'esems of h1§t.h energy 

pbotone ~ this 'f'¥pe ot diacllarge. If r6 :ls the nllllber of e:H01tat1on to etate 3 

pe!" un1 t length of electron path defined as 

cA. 

i'r. [ Oj D. 0 cp ( \)_) d..u. 

u r u" cj:> (u) dv. 
0 

•••( 1· I 9 ). 

wb,ere u 1e the drl.f't veloc1 ty to!"' electrons :in the a leO trio field pres~nt, and 

~ ( u) iafth.e e lootron distribution -oompatibbJ vd. th the fiold.t thon the ener§ 

of. :E>t'tdiat:icn 1n s. t~1 ti.on VJ L 1e ~ven b7 
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pel' avalr.aWhc of length J< • · .l!':roln thj.s basic exp~ssion the power rad1a:ted csa 

be calculated 1n too va:t>iotW ev~ntualitiea which mt:W ar1ae. 

b ra.PJ,ltl'i;ion propcr'tzy" ot th!'J monoenergetic electron diecharge wse etl¥1ied 
. ' ' ' 

tiit¥1 utilised tor di:f:terent purpose of ,~aouremente •. ~11 ( 192at 19,0, .1931 f 

1932) :touma that 1 t was poaeibl~ to (~etfJot ·tnf.l lif$ ~Bo.f ionia e:mi tnd eta tee 
; 

'by s$.dewioo mitt of their re41nt1ona 1n the applied el.eotr1e cross field. 

Ia·tessi ty· va..~&tion of tl1e spark llnos thw to the moti,on ot the pcei tive ions wee 

the main prQblOm of: :pbeer-~7atto:tt• Spark lines <iue to sing]\V ond doub~ charged 

ions alww a varia:t:lon of intenai t;'j alo!'lg their length in such a mrumer ·that :1. t :1.8 

pooaib~ ·to dlat~an tbam ~ theere lines~ It ia oleo possible to differentiate 

bet:Neen thelims of the ~t and Decond eperk epectXJ.D• Electl'Orm in ~:rol.l.'ey 

vapour wJ. th veloc:i. ties gn>a:ter. than tho i,ontsa·bton pot\!lntial. were coni'u-.'d 1nto 

a bee:tl- by a m.."tgnetic field. Tilt! light produced woo projected on the slit ot a 

epectroi9Cope wi:th the di:ff)Ot1on of ·the bean at right angle to -the slit. 

Perpendiou.J.Dr to tbe beam an elccttic ~ield withdrew positive ions before they 

l"e<Jombined. ~intenoity of the arc lines \"100 found to he -independont of the 

eleotr.Lc field which 1nd1oatv that reoombine·t.:f.on oontributoe vr;:ey little w the 

formation o£ these linee~~ Two sets of ex_posur-es of different spectral linea wi tb 

aB1 \'i1thout across field were takM and eomplt!i'ed. It 1s Wf~ced that the am 

lines and the Unes of' the t:Lrat sp.."U'k apectl'Ui are ta:ffected by the Uelt'l 

while the lll:lee due to ·the doubly cbarg~ iona ehow s o~ in U1~ir iatenei v 
distt•:J.button. 

Duffemack a.nti Kopp:loo ( 19:S9) ~n1!1g the radiation from neg~tive glow 

foUl'JB that mtonei ties of the .femil;y of trans:! tiom and:i.ne; with 6"5 , P. stetefl " 

1m~amed secording to au eX,POnentieJ.. &'lt\lration cw:'lfe with Jnel:CU%7 conceJltre.t1ou 

S.'1d 1flc:re£;'!-S$d linearly \ll'ith tUbe curz~nt. Ass~ in a~ady state of discharge• 

the mteui~ of a spec·t:~.·al ll.ne due to tl~.e~:t.tion fran l!tat® 3 to etate K 

of the a tan Will be proportional to the concentra·tion N j t o:f' a tome in the 
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..t.~ 

, ·'.state 3 t the probability o:t t-rans$. tion 3k ar¥1 the magll: ~}ie: oit the JJ.ght . 
'•: ~.' 

·I 

Ji · l . ( I 
' •••< I· 2 0 ). 

where "Au :1.~ a· multipltoative constant, n p '' a ·the prees"W"! m mm. ~. "4" 1e 

disttmee betwe~ el.ectn.'ldee en:i . 1\ 1 E. • average mean tree path tor tlle •:mttatiol!l, 

uo( I· 2 I }. 

(000 an1 1 nm. ag.) arJd tlhen mexe~ mx1 othel' :fo~ign atom 1e preaent the 

Ji . L 

••• {1·~.2.). 

where ~ A l» the average mean ;tne path o"it~ C-\!3. electron tor excitation o:f s 

for&ign atom. ~ ).-, 1stbe averlll§!t :t:ll'.!&m tree p1lth ,>£ . .c,n. electron fe;r ezc1 tation 

of~ ;.llther a. mercury or a :to:re1BQ atom. At the dell$1ties a·tudied m··'reversal 

Wba:tecever was obaervet1. ~n etmilfCUree of argon, in a.t'tdi tion to theeame , aeturaUQQ. 

·· · · behaviour, e:m1 tation w• :found. to be appoi!t1oaed between mercury end argon· in 

tr..e proportiona of their relative. ~'U.ndanc~e. 1\.Ve:cyt.hing obser"'ed was 1ft o01:1plete 

. aocoro w1 th th~ b.ifpobs1e that I\Onoener€f7tic p~ electrons in a. :ttxea. f:bd.'te 

n'!.'Qbera were expemed in $1ngle collision~ to the ext~nt to which the abundance 
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. ' 

of ob$!tl'Us3t1Jll molecul.ee pemi tted. Aeauning morwenergeUc .etrema ofelectrou 

hav~ a particle CU"rl'tlnt density Ye the nmt~r ot loeeem from a un1 t area of the 

beam 1n & diet~ d. x ie 

:, I -e Cf . ~· NC> ·cAX 'j I ' 

· •• ,. ( \'~ -.~ 3 )o 

-· CT l'fo X 
e ~ ' , 

... (I· 2 4 ).-

is· ·the equati,on of dee~nt o:r the pr~ 0ltlcrtron CJt:resm. The orosa seei;1on 

1a·the C1'08D eeot:L(na to-:~.~ -all signif.iount energy losses, :t.onisatic:n:l plim .e:mita.Uo». 

o:f _all .kinde. :!:he ~r rad:t.att!d per Ul'li t vol\lme in !'lDY tranei tion e:xai ted by · the 

f. 
J l 

' 

. . . 

-cr l'f". X 
e 

h .l. cr; -L ( 
Ujt -~ · e _· I -

-e - cr N. I< ) 

. ,. 

Whil-E~ ~ theo:t~tical depetd.ence conforms well With the o~r:ime:otal. ,reetlJ:tj, 

· ~he total ela.tation erose sect...to!t. cr . :reQtd.Ht1. by Duffe~ack !;.\m\Kopptue tQ 

fit their o~s :i.e ilurpritd.ng~ :W:rae.• In t.hl!l redtatio~ et:W.ulated by 

morJDel!lert,-etic electrona, Bl.meral ~pinion fwoum direct electron a_,ita.tion u 

.th.e chief mechen:tEB ot pcpul~ltif.m 1!'ather t!lEA\1 :m.cpenb1mt1.on. 

·· 'fi1e tllenual elect'l'On discharge a &.."'ft P.Oli.d. ·d:ve col'l.ltln.O of ghl\"'e~ a.roe and 

•para, · b1Bh tr~qucncy d.iec)herges . mr!d ~e . &lows •. Ane.lyiBia of the :rooi(.\tion 

fl'om .·themal d:iooharS!'~ !!lUSt be cede on e. oaeie of electron. comtni·cratton ~4 

t tf.:l veloci tu-~ diet!'1but1on• Diaohw?~n are. MV~r ood crm ~wr be 1n ~. ther.nal 

'>t:luilibri"tm• l~:xperim.ent shows ~ tbeo:r.y 8lJ88~ote that :tt u l.'eaoo~l,y aecura:te 
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ooutaat over :Large nSi<ma of the dtsohnrge. Th1e iabecauee the electzooa . , . . "' . 

tem}W#ratUJ.'e 18~ ··t dir,eo1ilf' propQrt1oJtal to the electroetatic field m. the 

gaa am the el.eCtroatatio fie~ 1• taqenti~ coraatant at loaat :tl'OID ita 
- . 

oonaervau.ve propert1eatl! l!'uriher llb:ret 1a _the flbaence ot space chergea whiob are 

U~tunllt aall :1b npone Where the:nu.l el.Btatt<m pretl~te•t there oaa be ac 

chan&~ iD the .nor.1atll. coaponeut e1 ther tbue eete.bliehinS the conditions tor 

oon8~j ot electro& tempel'attn'4t~; A tair:q ge1»r.sl th~Ot7 ot tbio type oan be 
: ' . . ·. . ' ' ' ' ' ·, 

bu•rl OR 8ft uawnptton 0£ eep&rtlbiliiq, Of spaCe, and Yelic1 f.1 depe~ence ot the 
. ' ·, . . - ' 

cJ N- at x ,' 2}· ) 7-

The·. prodt:W)tion runoUoi~ Cl.~ now be written ~:> elata.tiou ot a '9-Pe goyel"Md b7 
. ' " ' '• ' . 

c£ ' . ' 

1, N [ ,,"3CT_.j:.r+- ·du_ I f\"_ - LA 'i" 

umri...... . ·. 

M4 _electron~,.elooity ie ae~d much l.arse:r tha:a moleoul..a:' velocity• S1ace 1ibe 

M.jor porUon o'r diechfllirge. CUl .. x-eat derwi v is given by. the· eXpr-ession i -== -e N _ U 
' ' . ' . . 

, :tor .the- elec~ curren"! demity_, at least iil~• V1h1ch do not a._tach ehoiro.l 
~ ' 

'\tie production 18 dpect~ Pl'Oportio:nal to c~nt dam;~;tty, end· if' radiation 1e 

'the .. cb1ttf e'tle'C,fCI los8 aeoban1aa, the radiat~n must be p:mpo~ttonli\1 to tbe oUl'reat. 
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ffuCh quaUtatt!O ancl __, t1'Ull qu<mt1tative lmo~ledge eXS.at cODJe~ • 

· rad~ation· :t.rcm the ;low 41sotmrge. A large pa:rt ot 'tb1a appllee 10 the pott1t1Ye 

oollQD. which :18 b.J tar the moat epeotaoul.N' realon of· tbD ·disc~ge. -~ 

·found that tbe·.rnd1n.'Uon reaching a bol<~~~trt~r :frOm the .poa:t:t1ve ·oo:L~ •u o~, .a 

Zew .parotmt .of the e-.ergr supplied to the oolUD& electrically probab]3· because tbe 

tube· walla :tailed to tr~ t tbejo~lk ot -tM radiation ot the cU.&1harp. PnniDC 

( 193S) haa ma.d• an ~ate of tile eae:tgy loawae by- the themal ehc.~ Mt&N• . . ·: .,., . . ' . ,.· : ~ 

. 
trom ~e eleowlc field 18 part~ loirt in qollisions w1 th ·the SQ mOhcultuJ •. Aa · 

Wimtel\V aaau elacwan current" i .. fiows in a homogeDOWJ, electric ftel4 

E 1rhich c~ oocura in t11e e~ o:f a· glow diecharae between large parallel 

pla tee~ st .aot too ll1gn pre•suroe• From the ob$Grvat1one 1 t ie olear that o~ 

tor -V¢1~ low' wluee ot !Vp tbe eDOr&Y trane.:fe~ t.n elutto· oolU.eio.ma 1• 

SmP,ortaQt wbtch ·uy b.e treated to a fJ(U"taia exten~ w1 th thtt olaes1oal lnWa tor 

~o-cal colliaioni.. At bighe:r values ot "B/ P bmYeYer th~ · oomuct~on ot 

~~~triCli 5 ::. t 1il&IOush -tiw gas ia eovemed wbo~ by the lawe ot q~u.M4 ••rlfl 
~fe:r betwen eleoti'OMt 110leculea and excited molecule• • 

. . flOqee am llicbela ( 1928) ewd.ned the J_)l'e&mure clepeDience ot rad1at1orui 

~ ·pcaittYe col\DD ot bel1a d1schnree.· h nblfOlU'te· and rel&_uve intetJaitiee 

ot tl'i;S.rteen UM• of the ~U.wa apecm. exte~ma ~~ "the vielbl.e regl<su 
o - ' "L 

· hiwe:,beea lieeaure4 b1 a -.od1f1oation o~ tbe metho4 d~lope4 bJ' ar.etem (1925) 

·~ ~~~lcl ~1925). 1'he l.tbod oo.Uted !n CCJipari~ eacm l1ne diwow wllb ... 
. ;- ·,. . . 

kao'wn_· S.saion 1Tccl' a ~ten ftla8istt . operated ~r cocatrmt conditio•.• 

.. · ~he ·:resfll:,U,·t01· a dUob.arp ·tn a oaplllal)' tube1 Wi~:Pre.,au.-~• 1'2.'al1.9~ ~ .34•:;. 

~ .-- mm. fie:• · 'Ghow ·tlhB t the eiJolute 11lteui~• ~atie rBptd~ tO ·a ~ for l:lftft~ · 
' ' . . . . . . 

- in-~· ne.ishbourhood ot 2 'to ,. -· bel"''"whieh ~tbe7 tend 1oward e:t.o. The relatift' 

tiate•1tiea ot the 11iltgl.et ayetem_ t:.U't favoured by lOwered pre•suree1 an1 the bigher 

·. :.::::' ,, ' 
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.. btft Of tile tl'lplet 8)'8tem are l.1tew:18e fa\foure4 over 1he loWe%! m•bero, \ whi:le 
. . . . . . . ' ' ·.: ..... ~ 

the rt~le.tive tnteuittea 'With1n the s11:181e1 aeries abOw' little effect or prenure~ 
Poll~- obee~tion ot. D,mond ( 1925) that the e~f1CiMJ07 of e:ml:tatlo~ ot ~ 
g1na initial etate ie greatest when the enere;y o~ the nci1i1l'Je; electron la ozdr 

t11shtl¥ greater than that needed to QDite. that state, t.lte)" obtained 'the pzobabilii;v 

l.'elatton frca kinetic tbeoi7 cona14eration a1 . . ' ~ 

wbe~ for a given •tate with enerw V, wlll be e•1ted in most <Ul$e$ by ~&ctroM 

which. havet at the ttme til impact, nrtd energy. between that neceat:Jaey for eBi to.t1on 
' . 

. of ··e state 8lld that· ot thtt •n htShe:t> stat,V2.ttgn 1ethe po~nt:t.e.l gradient 

1n the. tube and '7" ta ~he electro• .. mear1 tree path. This relntion though CtoeJ~J ~t 

.e ta'l.liltDUta.tlve}¥ yo't gi.vea the. t~mral tQpe of c~ obtained. 7l'.neindtcat1ons 

are ~at tbe two proceeaee ( t) diaaocia.tiwt r,e~ombinat:tcn of molooul.ar' heliU!t 1om 

aa4 (2) oollia1ona ot excited staten with neutl."6l.e are 1\Ct:tve llf;re alao. tfbe· 
I • ' ' • 

enh~ement ot the upper 'f:;ri.plet aUl.tes. :18 understandable it pJ:iOOees. (3) S.e actlvt!, 

ld.,nce·:·the e~:rg detic:l~ ,be~·en·comapondirl~~;rila6ltt etlt't. triplet levels t• 

less £or the hishe· l.Vele. 

Pa:t~ (1951)j)beewed intereating b~ht\"rl.our :J.a a 15 1ro altemat~ · 
. . ~ 

o~ on6···•leatro41 which i• aiteruately'a catht!de and m anode, -~a tQlD! 
o; ' • ~ ' • 

. ' 

am abaent duri.nt; the ·cathode periocl•; At the.~ ~ a~c radiat1oae w:te -. ·.;•. 

oberv~ .which:· ateplr.\fed the eeme. aftf}r glow. ~ecq behaviour as the mol.ecul.Qo 

baDde durtnt?i theanode cycle; b~it :followed the dieChe.rae· oun-e1~tt wav• frea ' 
. . . . ' . ' ·. 

duriZl$; ·1'.llf9 cathode cycle., :Cow .level etne;let ~~:t. t1<ma ~d a ·per.pomewJtCe:::-ot 

',;:.'• 
'..,._· .. 
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cathode CJOle ~'t.ll'rent governed :reapoaee «mJr anode cycle at'ter glcw1 but h18h 
' - ' 

1we1 tJ'1pletl have caapl.Dte~ the reverse behaviour. Prllit.inloa found that all 

. deCE\f• · OOOUNid with the tJSme time coutant ( 35 jJ- aec. ). He toWll! a]Ao that • 

iatem1" ot tb.e molecular aat atold.o after glows decreased VttZ7 rapidly w.L th 

preaaUl"&; ae would be expected U the three boq proceeu ot molecular 1on 

. fomat.ton were theoontributory cue. '1l:1e ligbt ~ tbe eleot.adea ot ea .c. slow 

. ~S..ch~ge 1n heli• ie found to be part1oular)3 rich ill the He2 apeom,a. 'l'hia 

113\lt Moln at aa qaWNSl phase of the voltcip cycle. f'he Pl'OC••s wblob fQ:na. 

excited aolecule• a.lao gtvea nae to excited o.toraa. lui'ther more the prcceaa ia 

11Wlb1 ted by· the preaenoa ot aD elec·tric field. There are iJadicatlou that tt. 

p:roceas i.e .one .of recombuaa:tion between eleotl"'P and atomic po•itive tone. it ia 

a ·•U lcnolm phenomenon that the lisht f%'0111 De<'~ tile anode o:r a 4.c. &laW 

disohat-- extetdli ~ n• tar ae tbe trQat faoe of the lmOde being ~e ot ·-. 
1 .. ·· : ' - ' ' 

ltllino•s.ty.· Ir aa a.c. 41soharge the. re~ona &J,'Ound tne two electrode• app~ar thlt. 

••e to tbeeye. It ilweatipte4 with a photo11Ult1pl1er tube mid oaaiUo10ope 

1 t. 1e found ~t. 'the e1 tuation 18real~ the eeme as :in the. 4.c. caae. ~utp1R 
·, I,. 

iflt\o. uSbt otttput clu:ring tbe&node halt oycie except tr;om the po81Uve.ool,.., ~ 

.mtch. •X'tiend• trO. a po1at a tew •• ill frcll'll ot the float tace ot the eleotrod• 

aloDg 'thetube to the other electro4e. Purther more the lisht :f'rom theelectm4e 

4\U'ing the ca:thode half OJCle i.e d:S.reot]¥ proportional to the curreat wh:lob tWitlt 

t• clireo~ p:roporttoui to aftti 1rl p~ with t.ba 9f01tage. '1'hua it'· theourreat ta 

a 8~ wave, tl.Ut wave txva of the U.&}lt output ia like the Olltpu,t Q:t a half wm .. 
' I ' ' 

r.-ou~er. tie appliee uptr;J about 100 10. The above om:utS.derationar have beea 

:to~ to be appli,ed to dlecbarges in &tit, . •ora· argon a.IJd Jaotpton at an prenure• 

and to hellua below about ; •• !.Lbe preesure aepeMence ot molecular llgbt .m· 
' ' 



J10leo14ar cOJDpount ot atcJDtc light .00. an usarease with pMssure 1a 1be lower 
' 

preGGW'e zWgiOD. up 'to JS •• and 15 ••. at'ter Wlaioh for b1pr prele\lre the 1nteM1 'Q' 

4eofeue•• Dut ~ nomal oom»onent ot aiomio JJ.gb~ intenei 'tf •ow• sradual .iaol'eaae 
\ ! ' 

u the pre•eure ia lowered. ~. inteDei v oi aolecular lia.bt is go•ened by. two 

independent t»eotora. One la the presence of aft electr1.c field. '2he _.r factor 
-

. oauaea an appro:ld.rAate:cy- exponential deere Gee in molecular 11gb.t W1 th a time const&llt 

ot 35?- aec. Tn.t• time const~Ult is indept~ent o:Jfpreaaure. It ta eviden~ 4ue 

to a. Cleoreue 1n the aoncentrat:lon ot atr~e participant ill tbe prooeaa which tom~~ 
. . . , ~· 

aoleoulea. J;t aeeme ualikel.J that thia can represent the :&111 1n ·u. oomeDV.Uoa 

ot asetute.ble atoma. 1'he rate ot 4ecreoae tou:od ·here .1• re•onable tor the oonoeatra• 

t1on of poai ttve atcr.d.c to•· The atomiC apectrta ot the zseaau.. slOW duriug 

b Bl'JOde halt cycle 1B ~eetive o:t a. recombimtion apeotrta. ~e 4itterent 

coneideratione poi!lt to a Ncombtnatton procees in. which an exoiW<t 110leoulAJ . ' . 

and 01'1 ••1te4 atca ant iOftlld• 

Ki0%00Ve and htsb t'J;tequemy 41aohar€,"ea· m•e aleOe't ideQUoai emiMiOil 884 

taperat\Ze cbaracter1•tios with ateadl glA:nr dteohargee ot tho aaae ponr dli*ti'tf• 
" 

b a po1ni; · to po:lnt. compar18oa leolc ( 1935) to\Di a •teaciJ glow 4111Cha:rSI lli. 

aet'ottt)' Ddi.~ble m:a 100 Me/• dillcilarge. Megenau and'llar1lsaun (1948) 

haVe Down th~t the theo~ ot aio:tOwave c11ac~argee leada _to tbia e•e coaoluioa 

pt td.tnilad. tq, barring tlW apace ob.arge efttota wh1oh are poeeible in ete~ 
,. 

d1.,lw'8e•~. OorUa•• lb~~~tm end \Ve•ttall ( 19~' ) :t1t¥i tba an el.eotrodeleu 

disch81'ge at '00 Jlc/a will excite the pttte metal apeotNl of invola'tile •talll, 

which ~e been illtrod:uced aa pure ha.Ude•• ibe atold.c epectra of b1&h aelttug 

pobit •tala canbt exoited 11'1 eleotrodeleee lampe if' a "tolat11e ·ealt of the 
I 

aetal 18 ~~roduoed lftto the 1~p together With a 120ble gaa at a P:-eoure ot a . 
' ' 

few •• Hg. ~e -~ ere limp~ prePJ. red ·traa lertgtbe ot y,{i'ex Ol" -qcor tub1l'lat 

excited with sd.crowavee and pl'Ocluoe lha't'p apectrel. linea tree trom •lt 
' . . . 
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. . . 0. 
cu, flo Md u. Relative t.ttt~Gittee of copper line waveleugth A 5153•24• 5218.20, 

5t05.54t 5?82.13 and 5700.24 tl"'Qi d.c. area and a c u tlz lamp are •~4. 
. . 

~ana Schl'etdem ('1949) proposed a dm1lar d113Charge mecbaniqm :tor cauaautauve 
epeott'Otarapbio aul,yliis of gee mirltures. 

Roklira ( 1939) obse:r:vea: the effect of a magnetio :t;teld on tbe radiation trOll 
./ 

a aercu:ey vapour diecbarae wheft 

' -2:, p . r--- · \ 0 "~"'· · "i-n · H ~ . ; 

eotno.tdeat, Biven u ~st wd.tom field. between them or oppoa1 te glviag a 

d:t.ato~d field ha.v1n6 8'troft6. ~81 ccapoae&'lta. ~he :l.llula.. ot a dt.leter aectloa 
. • . 0 

wsa (tbserwtd .. ~ a apect,..~~ope aid tilS in~nsi Uea of the 1850 A em 25;? · A 

re~~e .line,. we~ attUUiiUX'Od by .. tbo br.lghtun ot a. tioure~eat probe placed ill the 

tubtta· With cotaoiclent tielda the diaobarge u Y1&1blv coatno•ted 1a1.1) a cord, ·. 
, . 

at first ra~1GJ,f and then mo~ elow~ w11h inohesilt& H. At b1Bher Ff!rJaurea or 

our.rfJato the erteot 1e leesaarlced. ~· f:utallJ oeaaee to be mUceable. !lbe•. 

cord tollawe . the lines ot magnetic force . and· oea ·.be moved about b;y dieplaoing U. 

. _,1~1X>14 coila or by the sreseJSCe ot a me-tic field •.. At the ceatre of tl:.e 
. . . . 0 • 

, tube the varlation o:t relative intem1ty of ae'\feral l.i.rtea like 5191 A , :S9Q6 A eboft 
.. 

ftr&'t a iDa:J.ma :near H • 100 oersted aDi alrlost BO Chall8e at b1ener aaanetto :t1el4. 
- . 0 . 

bUM 3704 A gratlualJ3.decreaaee tn ~lat1ve, ute•itu with MBQ~tio t1t~14 with 

almaat DO C~ £or maanetio field Of the O:rcler O'l 200 oe:reted•· !ti» fall in 

iatena:Lty ie P~!&0\110~4 ill. linea~ high c~:t.tation leve1•1.1rldica~ a 

4ecnue :Ln ataber of f'aat elactrollll• The m81d.m\ID ie due to tiro oppoeiq 

ett"ec-., the~w:reaeed conce~at~tion ~f electrons at centre ~ tbe decreaee Ul 

their energy.,, Bokhlin c*ea to the. ~ral. .coMlueioa that the col'J8tr1cUoa ot 

the·. discharge. "' due to the. rad:l.al COilpOnents of theilagnetic field oa ihe oa~bode . . 

.Utt ot the ploana the lonJSi tu41nal part of the f1eld however, did aot extead 

ge.r emugb tor a proper aaase•eunt of 1 ta eft~t.•· 
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EXpe~ellta have been made oa:a the effect of magnetic fielda a the ra41at1oa 

from the col-. of a aol28'trioted d:Laoha:rge in a cap1l.larr tube ·in trat~SYeree 
.. ~ •l ' t, • 

ma~tto·.:ae14. K~ (1944) e~ing d:t.~hargee 1D Het Ne aBi u2 total ~t 
theilltMt't\Y ot a epeotiUil ),ine reachea a aa:dmwa and. then decreuee quto1clf 

with ~:reaaing aagnet10 field H. ~he valueof'Ii at the 1nteneitq 11!-".:dmta 4ependa 

on the. wavelena'th of the lDJe am the preeenoe ~t U\f fore!SD gaa.- For a ttvea 

41eoharge- voltage V there ta a critical n above which the d1tae~ge see' out eac1 

3uwt below 'Rhioh it tbrobe. ~ theee cOndi t1<me ·-~rare aaaea show tile . 

cmoleoUlar apect1:1.al. 1n refl1oae near 'the e~c~es~;, The. applied po~eatial for 

mail=tainanae o:t diechnrge·le of the order of 10 IY ·to 1!1.. Kf sm. n Qf. the order 
• ~ • l ' ' : 

' ' 
o:f 10 ~lo oersted vd:tbout any epecit'1oat1.o1':1 9t preoe\tre~ ·.In the l(eeaaa effect 

experiment~ per!~med in the~m'toey with .B aeoa tube, it ia oba,ened 

·that the J4agnatie field, beside procltr:ting the wen .lmoml eplit*g· of the linea, 

effeote to a m.ar:k~d 'xteilt the inte.nsity o:t: ·tne !!).eM ~ ta diacilarge. tube. Xt w• . . .. . ' ' 

thought that a. detailed apeotro.Cop1c t&we.lt:t.eation of., the· effect. ot. t~ angraetto 

· :field~ the v~tioa 1n ~e iltt&ns1ty d1etr:!.bution emoJaget the a~~tral.U...e• 

· ..muld. give ue:tll). iltformat1on. about ~'itt collision proo~u.tsea involved in the 
. \ . . ··.... . 

. . 

" ·~ith heli\11, ,neoa ~rogen have ;rev.eel.ed soae ute:r.ating :tacte. ~ 

. , · .. e~er1ments ~re perfo:=ect ,with the ortU.na:ey cap1ll.a'J:7 di.charge tube• placed 

between ~the pOlee of an el.ec~t ~apab~ of. etving a 'tield upto 10,000 . 
GaW!s~ The~ea were worked . be-en. 1o Mil 15 K Tolts• . 'lbe :re~ulte o~ obeerra.tto• .· 

l.lal· be ·e1Dl1ir1aed. aa toliowa •• (1) The tnte•it:r of .ltae• _:l.m:reaeea w1 th tb.e . 

· aa.snetic field,. reaches Q. ·maximtlll ~ thea dec~asfte, the C\eci."8Me. being mfire 
·'. 

rap1t't'.th5n ·the inCrease. ~ itJ ·ahown :tit 'epectrta of helia with magne'i1c :ttel4e 

· 416.2 and. ?.8 K G8'uu. (2) The tlcld nt which a. Urit reacbea 1ta ma.x!ln\11 

iD~DSi'tyt the QObditions ·o~ prt'!O?.UI'e mXi OXC!:tetton re~Jl!l1n1ng the BOID.tlf ~;epeada 

on two tacto:rs (a) W!!LV0length ana.. (b) the preeenc~ of :tortd .. Sft gae. b depeadeftCe 



o-. ~~Dgth_wao.lx!irt ezb1b1te4 With the DEllmel" eertee ot b)tdro~n. " H~" . 

appe6.1."ed, e,s a. weak lf.ne in_ eero fieM, reech~4 a ~- 1atene1ty at 4000 Ga.Us•t 
.fter which the 'iiltene:tv ten rapUly sad ~e line .. wu rr.>~ excited at aU at 

~:r field. n 'rlyft reached t•a:dmUiliatenaity at 600 sauaa, whereas \-\r' -..1 

H.ci 8howed a cont~ inore~e ,:l.t\ intnsity even upto 10000 .. Cause,.~~- ~ua 

:t'1eld obtninab).e 1D thee:.otper:ltu!-ts '1be eftect ot !ore1sn gas on the. tnwil~Jt .. 
/ . -· 

of the line& is sheWn which €1ve• t1le spectra of' a mtxture -o:t hoU.'\111 .end •em.• 
. The &p.tCt:ull Wi!l'f Ob-tt\iil6d tor ~tiC tielde Ot etnagth 4•9t 1 6a1 S. 2 Xilo 

GaUls rfjspective]Nw lt iS 10 be noted_here that ill .. ooatraet With h cue Qf' . 
: . ' . " ' 

. ( 1) the tines oont111Uous4' -inoreaae :t.n 1!\\tetteity ?4. thout: lthOWJ.ng. a 11BX1mlll. 

l'lle et:feet ot the· foreian l'l!!ton gss aeems to be to iDCreaee the field atreng~ 
- . . . ·' ; : ... ' . . ,, . . . . 

- at wb.ich. the heUUJ - l:iMtt will h9.ve; their aaD'lnu iateutty. ( 3 ) Por a g:t.ven· 
,-. . . . . ., 

' . 

fiQJpUed ~t~ntial at t.be, tt.'J;l'ai.l:lale the_re is. what 1NJ.Y be c~led ·a ~r.tticaltt t1e)d 
• r , -' 

1 
• ~- ' ' ~ •· 1 

at which 'ih_e diech.art,te stope. $ltogether atld' the tube b,ecomea J:tt)ncml&\uctift&• ,.. 
'. • ·, . ,- ' ' I ': 

the:Le el-i ii~ai .1t'ield 1tJ app:ro~hed :,8nl :juat ~u!fore what may be celled tbe 

tbl'Obb~- t3te:t~ .. ~t the · tube • the intensi;ty . iil , the_ cap1l~. 1:7 -portions whiob -:J~• · 
kept in tl.e :n·~tic field ie e;oneide~).:; red~~ -and the interafJi t;y ot th& 

. ~ . " . 

- iJ,uiv ill ':t;~e- ;wid~!(' portto*"· ·~t the tube.--~ t!leeleetrod~s·· ts oorreepoD4~ 
l ,, \ • • • • • ' • ~: •'. 

· a.noreas~d~- 4 s;peotrtm of hel.u.a fiUU tbia wider porttoDa :t.• ehtml UQder t~ · 
, ; ~· • ' ' • : I -

co~.U.tion,'wi~out~~tic 1'ield :d with 6.2£ Gauaa _m&ga'letie f1el4. It ia 

obaexve,_ct' that \vt;tbout the ·field o~~ week a·tQmi~ spectmn ·te.produeett·, ~bile. 
• ' • • ~ ""1, ·_ "'; ' • • • ' 

·WitH .~ :field ou, not onl¥ isthe iatensi'by: of the at!=llliC l.Uea 1ncrea.ed. 

but the• ~ol.no~ apecma 9t= tie:J.iUD f.e ~ bl'OU8bt .out. i]be spectra. traa 

·the wider portio:o.e·ot 'the t'l\be tor, lower values of ~e ·:tel4 at the o.~I41l.a:r3't 
• ' ••• ..r 

alloWed on:cy- the e:tanic _litae$• lt _ie to be .in:te~d tha ~ c,xo1 tetton ofthe 

· hell\lllliol~aulai! ,l)aztda._ i8 a. SUdden prcceea ~O:w:i.:ng withia a Ul"1''W range of . 
',.··- ' 

the fiel.<l, str~nsth •ar about the throbbblg fie,]A!., -lbst of the ~- molecular . 

bavds are i4ent1t1ed with tlW triplet electronic etates and they 1D'fe1ve on3¥ 
' . ~ . . 
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Danes ( 1953) ~e· meealU"~Dts o£ the iatans1 ty dJ.atrlbution in the recanbinat1oa 

spec~, ··the :relative deM1 ties of' the ~lectroM mil tbe:t.r veloo11J' diD~;t.butloa 

in fue post t1ve ool"t.M of a oe•i'*ll diecbe~ree aa dete1'Vllintcl 1n. ·t:he · pr&eenoe. ot a 

1cmatttrl1nal t.ll',l,f!nttic field. Tb.e"ettect o:t' $ ~tuatnt4 m~tto f:1el4' wae 

:lnVeettge.tea tel' both d.c. m¥1 :r..f. di&cbarsea. lR both oa&fte, 8$ the ~atone!:ty 

of ttm ma8net1c fteld \'J'ae trt.areas«4, thtt glow eo:r:rotcU.na each of the · e.lttotrodea· 

wu oanpareaeed telft~ the eleQ~• but no Viotble etfect waa pmdooe<i ia the 

positive colUJm• The apoctrogra,Pb1C de·~et-maation of tile ~ii•triuutton of ;t;n.teaotv 

u tl'lo recomb1n~:t!on oontiauua ebONed th~t there wq ~•lU.an diotributlon 

cf ~lectron ~eeon tn aU diaabM!gel$ in\te::Wtigated, within the e:xpemmeutal. errol"• 

An 1ni t:ta1 eun'ey was carried O\\t over the e.vaUable ranae ot 4ieohsrg~ prefttiUftt 

Witb the r•f• d1E!Ob~·g.e CWJ'.%'ent m~t~ined eli 0e98 AW"Ip (r.t~•B• ). ln tbillo case b 

oleotnm temperatllife ! 1 •~ · evaluated MillS -equ.;d;ion 

+ 

ti •• ( l . ;z 5 ). 

Where =T ( v) 1• the1atemt1. 't\Y at ttwl 6P t~otnb1Jit.tion rnd1at1on of frequency -J • 

At\ at.!li tiOIUll experiment w11h r. t. eJ~~Ciatto.., na c.arrteel cut with a .mean oun.-e•t 

deaw1t.v of SA r$•2 at a trttquency ot 6.65 Me/•• At a p•aeure or o.o7e m. !Js, 

· tbe value of t 1 ~ tumue4 by 175 ~ 100.K _. a ~tto :ti~14 iatet&at v 
H • 1450 Ge.Uie, from t te W tiel value ot 4QOO.t for U •. o. ~ t.mntue wP..e · , ·. 

aetemtlSeti U81ns equa'ttmw ,. , 

N,Q I N,, ~ p-0-' / I, ( v) f'" ( T.o. f'-r.b r/4 
eX p l \--p) ( T,~ - t:) (,y,] 

i..e 

d 
d-J 
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·. . 

1n all tbe expermema 1a wbtoh the d:lacharge ·wq ea:i. ted by r.t. emrQ, ~ 
' ·,. 

appUcatioa ot a lo:Dgi tudlMl aag11et1o. field pX'Oduced 1a0 •aaurabl$ ch~ 1a tbl 

·~value ot the olectfOJ:\ deuiv tt1• It ls ·eattmatect that a Oha!lge· tn the 

value ·ot 11 ot 5~ or DaOftJ would m.-.e beea ci.;teoted. lhruw~nts were al8o me4e 

ot the cl."mDae produced m tbe value c>t 'thetotal potential cirop aorol!• the 

411ichSJ>ge tube when 1 t WaS subject to . a lonsi twltnali&OgQetio ttel4. 12:l '&U · cuea 

the ohanse 1n poteattal· 4Utere:ilee ac:roas tbe tube wae lase then '% tor a .a1ue 

of ~- ~el4 ·8 ·• 1500 G&u&te. la gemloal the potent1a1.4Uferenc• ._ t.~ue4 '7 · 
',•, j 

a matnetio. field ot this value, but the inc~aee wu mt alwf\Ve a aoDOtoD1c 

. ~tioa ot, 11. 

. H'Qb~a, Motrb1:rter, . ~fin _, Jo$1!1 ( 1961 ) •tutUM both azperimeatel~ srd 

theo~*alll the temporal. vo~-·taUoa ot the tntene1 tq ot liDe radla:tiorl 1':' the. 

ultr~ole~ troa Smpur1ii~ee 1n tbo J!feta duoharae• ~-comparison bet:ween 

ocQmp~ted ~ obeel'ftd in~rlrd.. ti.tl P. dtscn•ee4 in tema of s1mp1e .1o~uoa 
reccif.ebine.tir:Jn tmA e:rcltation p~~aeea ~ ued to e~~tabUeh tbe Qdeq\IIDV ot u.._, 
t~ni~tt~ ooef1'1c1enta pployed. J:t the apeotma em1 tiled by Mttl <Ueohll.l'p ·u . 

,: ~ > • • • • \ ' -

. •xs.nli;tledjt ~ 1«s :tound to c~n~ Ultt"';;_~r vari.ows mpurt fQ eleaenta. ~r · 
. '. . ... - . . . -~. . . 

. ~~-.t:l.«m.e el~wt.r that b 11De ·1Dtenatt.tea vaq iD 'time durira8 tbe period ot tbl 

• ,·(l~~g.' ~ ~ -~,:s, reproduCible ~r. WbeiiMU1~·. ~~atioa .ott'~ . 
. . ~.· .:? <'' . . . . 

.· lap~ty ePeo~ U.s tr.c.·,the ,impurtts..ee ~J~~b-~arboa, oqsen m. :~ 
. ' 

ob•e~d ·:-~ Ate. dticharge• ~e data wee obtamed 1.1IJill8 a. ~asuia .', _·. 
. .. . . . .. . '. 

· ~~-· .vaou• monocbramater With an ettects.ve wavele~th ~ ot 100 A. to 
. .:o . 

·1500. :A. fbel.tne :lnteJUJittea were me~r:eured .,,. a photomultiplier With a •041Ui. >/ 
~~te phollphor am were wcorae4 by pbOtographin& aa oscill.Oacope trece • 

. Jtfteellt aut)lors ut:W.ae« the absolute intel$81 v of a 1:lne -~ :relBUw 

_:late~~- of a. ,tiGila' 'of Une• to measure the electron tlenaity, eleo'U'oa 
. . . 

~~ture ·~to~ The absolu1;e irlten.e:l. v 1. of a. epee'b$1 liJJe by a t:ran•i tioa 
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tro:a tUA upper _state "S" to a lower etate "t•• is gtv~n by l?eal'Ce (1998) 

l 
~s ll e - Es I \'( 1 fis-t h Jo 

U \ Tj'· · 4TI ••• (1·2E.). 

with @uff1xes ff$~ Mel "t11 :lndicatf) the upper am loWer lrte.tes ~apective)7 and 

~ s • etattatical weight of ·the UJ>per atate 

11 a total niaber ot atoms/c.c. of the elf!ment concel"lleil 

£5 • energy cf the upper ~tate tn e:rge 

\~ • Eo1t~•eoonstant. 

T,. absolute temperature •x § Ast·~ ru.na'te1a9s trmlD1t1on probab:f.Uty h'cm· 

upper to lower level 

U (T)a partition function o£ the atom. 

JabA ( 196~ ) . utilised severel method for deteminizls the tempera-tu.re of plt$Ul 

~ttt derived fran argon contatng 5% hydrogen baaed oa the sbeolute intenai 'fU ot 

or H 13 line 1 the relative :lnteruliif o:t' \-\d.. end \-\fi' lines and tb0 profile of \-\ (3 

Une• I~:t.enei v 100asurem.enta We;ce made photoelectrically. 

Reevea am P-'d!'kineon ( 1961 ) also measm:·~ut the peak bn@:rtn.ees temperature 

nn4· apeetral..eDer& dietnbution of flash d:i.schtll'ges e:t Igta..qn co~al md 
' . . 0 0 

capillary types for the t'ilavelengtb range frcm 2580 A to 4500 A by measuring thtJ 

1nunwi ty of· l.ir¥'Js and util1Bil:'8 thefolerl.ved emieaion Qo-eficient for low 

radit:tt1on de~ cy for the :t'requ~n:10y indepe~ent region as 

••• 



.... 
. -• sa ·:--.. .·· 

b· e 
C · ( ~ TT Yn) 3h 

. t. h v~ I I-<\ 

( E h 1J I \< ~ \ 1 
••• (1·2'3) • 

. . where, Ite • ,eleotroa comeatraticnt, • • eleotroa oharge1 ~ i:. loa oo.-oeatraU.oa, 

·when Et.~ 1on1eat1on evttl'l!:f a 11!1 princip~ qwmt1a m.aber, FA -e:m1tat.1.on tmtrg 

E i H • tonia~t:J.on enerSi( ~t IJ¥4rot&en. Uet.ng flien '• lJaw tor the ataatazd 
. ·:;: . . . ', . . . ' ' ' . 

lamp tmd, ~·· tor .. the tlasb tube, the br1ij')1tnees temperatu're of the 

a'Patart cnpllla%7 discha.Tt:te was _obtained bOll the relationship· 

' ':, .. 

when . ~ • brightDeas. temperature ot tb~ etaJJ4arcl lallp; . SF L. brishtne•• 'fiellperattwe 
. . . . . 

of ~ 110\11'10•• o2 ._r 1.4;JS •• deSot IFL • recorded e1g~Ull t~r tie.ab ~~Ut'C•t 
1 s L . , _: • , aCCJ""'ed ai~ fOr ataJl4fll'4 lampe 

Gf.)lan'tt KriToabeeY aDd 'laehhev ( 1966) lnVeattgated. tlie plaeM pareaetera tor 
,; 

a·te~Uour:; ulvU!~ t.reqw.mcy 4iaobarge &n arcoa ~ .. their dependence on 
·-~ . . . 

aaptte :field mteneity. ~ v.a.r. 1• 5150 lie/•• Xt ta obaerna that the chas'pd 

~ti~l.e 4eft.1.ti.~a 8Dd total light intenaitlee are r~az:Lmua ~~ear the ee~CIIIld aid 
~- • • >: ~ • 

w 
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- · ma'dma a:re obaerved near the •le•troa cyokrtroa reqoiiWlae · tn:queno,. Wla8n · 

th,. ti.H.P. power input 1e appro:d.llately 10 wa·lt lea' 1 ~ masnetic fie4 500 

.oerstel!a 8.nd preaeure ot argon appro:dma.te]J 1 x 1o•1 •• H&• deui ttea· u 

emees ot 1012 om.;3 are obta:lnet. 

·. :Bur1emaaclli and :!?a wei { 1966} 1"!!portc the enhLlllced wsaion ot the 
• 2 • . . . 

'SS9 A ( 33P • 2 S) and 5016 A_ ( 3' P • a• S) l:inee of He during the 

bl!ti.al trl:IIUJ1e:at of a pulsed r.t. dieeharge with o•oillator frequemy at 
. . . . .. . 

24 'lib/•~·:. Ve~ etrous oye~tri ha.v~ beea obae!l'V'IJd i.A the ~9 A Mel 5016 A 

l1aee when Viewact along the ~· of tbet~a, both m pure Ht aDt He ·-a. 
0 • ' 

ld.xture. The overohoow o: the ,a69 A, a.t 5016 A 11neetuwe btu 111terpre114 
. ' 

ea due to. the lOw ~e -~table 4ensi t:t~a · mJii herf(!e low abeorptton ot thflae 

Unee during· thefini t1al ~ent •. A aeaz~~nt ot the abllol'J)ticn preeeat 
} ' ~' . 

. ' ' . . . . 
UIIMler pulsed condt tiou hM be~n attempted tor tbe 38S9 A a. 5016 A UDe•• 

' . 
. . ·. 0 . . ' 

'Xb.e p."eesure dttpendeme ot tbe 5016 A output 1• ehown tor both He and Be ... •• . 

'!he fUll •1goal1ntt\M1\Y 4.a plotted.: The opU.\D valuea ot preiiiJ\U'e :tor ••e47 
•• - '•j '•. ' 

, . I - ~. 
atate mld overebot outputs teoulto :r:mm a bal.ance between the :L~~ereqag atau 

• ~ ' ,I 

4eri.e1 ty on Ollie side and_ the mcreaa1ng loae mechanilmll en4 thefalling •lect:ro~. ·.' 
,' ~ . ' 

. tempenttn on the other eide~ No .sub•tan~~ ditfel'dCe ·-. been tolD! between 

the ease or pure 1M ·and Hit • Me xatxture.t though :Ln the latter oe.ee the ratio 
' ... ' ,\ ' 

' ' 

between peek IUld ateady etrite v.olw.~s iJ! hi:gger and tbe emieeion vaauehe• .~t 

higher prettaure~. 
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~ ELBOmRlCAL BREAXDOWI W GASIS tB GROSSED 

B L E 0 ! R I 0 A lJ » M A G N E 1 0 P I JlJ L D. 

SEQOHDARY EP.FEO!S D 0~ OF EI&CfRODEL'CBS DISCHARGE h"XCITED BY A 
~SFOmmR •. 

~ ••coat£\l'1 ettecta 1n a a.c. d1sobarg" with electrodee aade of' cUftereat 

element• ht'iM been etud1~ quite. ex~inlt by 'lowuend_ a1l4 1161\V otbere fral 

u ear]T • 1904 •, The llGChanSem of -<lieahnz'ge e:xo:t. te4 by a trauto:rmer it 

boweYer subatantially tbe aame ae toot of a d.o. dt•ahtire.-e. ~w=eD4 (1902) 

ta hi• 1old.aat101l theory cler:i.ve4 . an expre•aton. to-e the ion:luti01l o urrent 

tloWins 1n e. gap (4) when the eatllo4e 1tl lH'Belitated. aa 
ctd. 

-e 

where i.. • tni. Ual our:re~tt ·dv • lttaber of ion pairs produ:)ed per Witt len~ per 

Pt1mtn7 ~lM'?troa. It att.g&-elilu thatthe,plot of l·n(i/1.) ~t d -would be a 

atra:lB~tt liite. But it was found that~ cm-ve bel'i:t upwards tem1n:t.ting abrup~ 

to a value produotq a lipal'k. ThS.a 1nd1ca.tea t;h~t another source ot 1on:l.aation 

hae arin,n other thatl 10D1Btit10%l by electron coll1sion. i'own~Jend 'tr obrtoue 

ohoioe wae ioniea:Uon by poai tive ions and he deduced a relatitm ot-tbt tom 

L 
dd 

-e 

where-~ • :tomea:tion ·oo,~tf1c1erat due' to poait1ve 1ona • 

. lbe polt1t1ve ion theory wu crttioifled by ~on (1912),,Do~ <191') 

£01 othera. The aobanill!l wu however stucH..ed b,y mazw workera; Sutton & boa 

(19'0* 1931 )1 lfuon ( 1932), .&eok ( 1930, 1934 ), llortblleyer (19'' ), VBI'nQ' ( 19351 

19''' 1~), Eoetae;ni (1934 )~ :1.\ll!ao ~aul ta have beea diecuued by Loeb ( 1941 ). 

However Yets &Dd iledicua .. (1948) has etvq atrong euppo:rt to the •cbani- aa a 

po1Ja1ble procee~ ot ionisation• · 
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· Another meobeniiDl of tm.ssion ot eecol'J1ar,y .eleotromt propoe~d by ~-elld 8.114 

~o b7 llol9t ar¥1 Octete•r1• ( 1922) was the mse1o!1 ot eleot:rou bJ bomb~t 
ot· positive iona at tho oatho4e.; A. e1milar ':relation of tb.e. fom. . 

<ici e 

_ y_ eoLd 
p 

bu bee-a de4~ed •here '\, &:#! eeoonllar.v ioataatiot~ cottff1o1ent <1m to posi ti.ve loa 

btabardmeat a.t the ca.'thoclt. 

· In thie context we .should cl~sr]3 ~i&UDguieh between ~ pr.lr&ary prooea uiJ 

·ibc secondary e:tteat • \\fnea a. tield is applied electrou alre·e.df present 1n the &&It 

':o:ftt accelerated and cll\We 't~lation 'amt ~ . after $.08 pairs are fo~e4 1n this 

~~.do the .f V-12 ioQ.. exlat iQ tle eap 't'O CauJJe 10!11sat10I1 Qr· eeecntdaJi7 sail1S108 

t:rom tbe cathOd•• \lfhen. the eoUl'Ce ·of cl'U\l"ged p~icle 18 dependent on ano-ther eol.U'Ce 

~ exct-.uoa w.t. tl:d.1l the d:Lacne:r~ 1 t 1e te:mled u E~econdt\17 effect. Onq if the 

.exte:rnal eM'Cif3 ( elec trona . fr:CJn external: SoUl'C~ ) . tiOUl~t. cause 10rdiW8.~:lOn it 18 

.·:~· .. )t • .B.Brode ltid X..J.Newum (19.2B) ohowed, 'ihat in ~ase of e~c'tl'on Uberaticm by 

phot~~ u· ~ or a:~ the cathode one could arrive li.t the queotioD_CI.oloeelf 
·I . . . . - . . . . . . ·, . , . 

_id.m~iar ·to ol;lginal TotiASead 'o .e_quation· ( '\- 3' ), bi su.ldl2g <;er1abl, s~Pu.&YiDB ., 
.' ;·._ ,, ' . '•. . ' . 

. UOtaptlou• Hellee photOns may be COnf!Jiderecl a. the ~eat fOl"' eeQorldaey emiae1pa 

o~ &le~trona. Direot me~u.t."e.ment ot photoa prcducrbion ·.u. .:f~m d1~~P he8 



I 

di~he:rge prodWtea pbotoel.ttovic e:t'teote on a.ubatd1oq e1lve:r cathode. ':J.'i.le actioa 

o~ photo• to prol)uoe vo1me iO!Uaation waa ·reeogoi•ed b1 x~av (19:5) )1 Gravath 
' 

( 19;>5 >t · Decbea~ · ( 19,.;' ), GreiDer t 19'j3 ), !Q.,l) ( 1947) atd. Raether . ( 1936 ). A 4etasle4 

d1~uas1on ot . the prooeaa ot phQ~onieation baa been Blvea b,y l'Jutto• ( 195' ). 

l'QUOwiDg eimpl1t1ec1 4er1vs:t1on of 14 ttle ( 19") l t oan be anovm that !. f d t the 

tiNt fowDHl111 ooetfic;ient he. Si'c\1-~r·· th!iD ~ absorption ooetic:l.enty a1milar faa 

of eq\mtion (r· 3 ~ lcaa be arrivet at. ~e up-ourring ot ln (1/to)Yereua-4 can be 

.J;Pla.ined thUS provided the abaorptioJl· -~~icient 'lor photon :iJJ~t too larSi• 

' 0!- the other bard suff1cien~ absorption must be ~re to malce aeoendary procese 

iaportant • 

.£i1iU} j.1G§Sl0Jf. • 

U tiel,d emiesion in a :tormsend d1aoharae 1a to be a aeoOl'Wlaxy e:tteat it muet 

bl!t dne to a eurtece ~er ot positive 1oM which covera the catbcde. !zoom fowler • . . 

X at a metal surtace ie 

d- -=- b . 2 X I 0- b ( p I 4 ) y ?v ( }J- + <P) X?. € X p (- £. g X I (} cp 3!:~. I X ) 

. ·:;, 

It hoWe-ter the eurtace 1e covered w1 tb a film of: iona the · potential barrier 1• DOt 

. o~ the esme type • couidered by 'Jowl~Jr Sod ~1m ( !ito IID&lJaia 1e given 'tq 
' 

Stem, Goaol111g and Fowler" 1929 and 1.uoted by LJ.ewell,yl:a flOilea. e-ad Morg• > 1953 

to explflia aomt obaerYatione with el\W1Dtta catbodea ). It tbe field 1nteneitioat1oa 
. ~ . 

4Wt to 'u:rfsce cbsrge . :i.e comd.dered, thill te equ1valttn't to eliae1on #'ell a metal ot 

WOrk :f'uaction cP, covered 'IIi tb a thi.D layer Of thiokneflS of &nOther metal WhOM WOrk 
I . 

~unr:rt1on .ie ~2. ~ potential gradiazrt ( cp
1 

- cp;l_) / d, ie eet ~P m¥1 equation ( 1 · 3 3 ) 1• 

modified. It ta to be DOted tha-t t1eld t'!Uat not lie ver:r large but extende• over . 



.... ,, .. 
eutf!c1ea1i d!stame. to. Iaake potential drop outside the barrier ccaparab'- wt 'th 

work .tuDction cp • .In the steady' etnte however the tl\.W1aoe 1aaer ia· o~utin~ 
' s ' 

· · beeb~ea by' pod tive ~o~ mrd . th~ fie¥ w1 ttl -~ee a~1- fila bre~~ !b18 aFf1 · 

bplJ •t the -:ttlsa teccm~tant~ .. '[)~inG:·pul10turltd-anl refotme4 oWJ:" u.M who~ 
. '• . . ' . \ '. " 

aurfac•h It hawew:r the:ro is a film· we hlwe 1D a ate~ dieohBl!'£1e BA. esies1oa 
. . . , 

p:J:'OCees deraor1bed by coefficiont ~ ( emiuioa due to bcm.bar4ment at J ;tbe ca~e ). 
I 

Tlle tncreaeed au:r:.rent tl.owi.tlu from. the es.thode would be :tol'llal.ltY inclwed bJ 
' ' 

!Mrenaing '<;. thoUf#l the electrons would l'JI:)t 4ppe• at the same tirle 88 tha 

eleo_t3:'0M are extracted by the iomt 1nd:1"ridual~. 

A simple arrrmgement .ID8Y be uaed to tmlude the •nect ot the:rmiomc em1••1oa 

troll tbe cathOde ·b:u-t ·this ie ~t po2eible 1d th very ll1al1 cur~nt aenai t:y u a 

· ~m d1scharge. ll'o~ th8 asme .. reaeon themal ionbation tn vol'- aeed mt 

~ qoDC4i!ered. 

" X.UAXS,. 

The emieaioli o: poeiltive .ions :iraa 'the anode (iNap and V•er G~,1947) 

at a very b1gh YOl tage eDt low pressure 1ndicate11 that X-ray-a o.re oei'Wnl3 pre•ent 

ana have to be takta ia1;o account :tor t,b, oone:l.d.era.tiol1 ot eeoondar.Y tnliea:t.oa. 
o> ' '• I 

It can be dwWil tbat eimil.er V!HJ of equation 88' that YJbioh take• accoun"i Q~ 

.. pho~ emot can be ~rived at (l'4 t·tle; 1956 ). 

' ' 

. The action of t"'l&st neutral atom at ·the ·cathode 18 also to be conaide:ted aa an 

aceepta\lle eeoonanr.r pxoc-ese u they l1l'e fomed trore tous by ohuge e:rt.d·.on6'e 

collt-.~n. oBoe :tome~, an atom canno"' ga1a turthe;r energy ·from the field ae q 
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!on does. We aec~ it ~• in the t1el4 direction aDd does not looae aUI:Jh 

enerey at & collision. ~e · der1Tat1oll cumsi~er1ng o~' the et:f'eo~ of poe1t1ve :ton 

1e to be modified (1'4 ttle, 1956) ar..d we can arrive at the equaUQa · 

l e~d 

I - ~ €~d. 

Where G• Yp (1-\-1) + ~ k 

Where K • frset1on ot ions whiqh suffer cbBrge exehsnae collirJioa 

~ • coatr1but:1on dUt!t to ut Deutral atca. 

CoD$1dertrJg now thtt fa~~t neutral stoma tor .tUDe ·ionisation we ebould note 

tbat in the inelastic ecettering leacl:tns to 1onteetion Whtcb concern ue here 

ions ~d atoms need ~t be treted ditf~rentlJe. Theor.r indicates (Mueey & Burbc·p, 

1952) that curves of ioniSation emrSY as a ttmction ot eMrQ w.t:i.l be roughly . . . 

the· sano for ionc and· atms moVing ~ their own gas. ~116 original :fowD&end 

equation then tollowa uaediatelf. 

!fo ccaplete anaiyeia of the acton ot aa:Q'.wtable atau appear• to bt available. 

!here 111 a111o UDUertldDv. :til the _rate ot prouue'Uon ct metutablea in the d11!0hai'.&1t. 

Bowmr;'!Jorreste~ilfl (1942) has used the aeco~ eudaeion due to me'&a•table atau 

of He and. Re w ~eaau.te ~"- e~1tat1on tt:DJtion _tor th~taetable ate:tee. 

· Oonetaer.tng th., aotion. o~ metastable attD&, 1f 11: gaa .. mixture 1a used, atou 

ot ~oe ~may be, f,onieed by metastable atoms .:o:t the other i:t Vi, ~ VYn 
:l. 

w1tb 1\llllll."'priate._notation. ilhis r!Jecondar.r mechanism my lead alW'\YS to an imreaaed 
-
o~n·t tna·t osn be e%preeeed as an tnorease ill d.. • Its e~eot on the <nave o£ 

log (.i /1) egoinst cl a1; COnate.nt J/ p :l.s to im:reaae elope· .. and no~ 1;0 1D~'I.IO& 

o~atu..'l"f! at J.arse,Jcl~,I~r, BlthOUSb the phenomeraa 18 a ae~ondM7 proc~ul8 the. 
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eeoontlat'Y electroa are prodwed ve'1!/ near the plooe Of' origin ot ZMtutable 

st~ eo that the proottlsa neecl not be oonstde~ as different trom elec~ 

c.U.reo~ produceu by clmct;ron. 1mpact (!4. ttle, 1956 ). 

· antssion of secoM~ electJrons due to Striking oi' a primary electron on. 

the rnttfao'* of slaan at a veey low pres.oUI'e hoo been considered by(lill M\1 

Von ~11 194$ ). 'l'he phenomena can te dealt w:t th according to aeeh~ of + v ~ 

ion bazabm.'tlment and we coo reach $1 equatiOn similar ·to equ.ation ( l , 3 1 ). 

Comd.deri.!lg thea aU theee moohani~JMJ for. the pNdootion of ~coni~ 

electrons we can 11at them as 

1 ) lontetition due to i'WI ion 

2-i :&Uceion of tSleeuca dlJI!'} to bcaba:rdm.ent of + ve toa on the estbode. 
' 

J ) Ion1sat1on du~ to ,Photon and X-raua 

4 ) l'hotoelec~trtc eftect at the oathGde 

') Ionisation due to nflu.t.t'al atom 

6) P$.el4 em.l$e1on 

1) Ion18at1on dW! ~ metastable atom 

a ) ltbem11onio t.ml&Ja:Lon 

9) l!)!deoion o'f electron by the atr:Uci!'J8 o:f t):rimaz:f elec~n oa tbeglaae surkc• 

Comiderinf? . the relnt1ve iml'Ol:'tWJCe of the etfeo·t& listed we can neglect 

the efi"ect of mu~ a"ttm$ as by have low eneray. Field emisGion hae never been 

ebr.mn to act in. the disCharges. Thenn:Lollic and. thexmal icniaation would 110t be 

at&tieips:ted in thia low cl1l.'I'ent discharge (Io~t ard Reethert 1~5 ). It CW'l be 

shown thr.d; vd th tlae eJ:Ception otmetaetable a.tGD, ~11 th.e~ffeot are fonMlly 1n 

dtst..tngutMe.ble and if tf~outanta are chOsen correot)3 and abeorpt1on Sa the 

s;ae be snall then 
oed 

e 
\. ~ y fl c{d 

••• (1;35 ). 



Where Y 1e the gene~ed oeconda:ey ion:teat:ton oo-e.i'i"i.oient depsming en ell 

po~sible meohaniam. 

The , first ~asuremt"'rrt o:t :tomaation co-eft1o1(nlta 1n air, o2 a.d li! by 

: :~owme:m, ( 1002, 1904) md b:f.s sohool were ext~nded to inolude Na by Huret ( 1900 ). 

-:aU ru¥1 Piddel"C~t ( 1900, 1912 ) carried O'W!l? me~ments in argon and fle. ln aU 

these studiee both ci · c=t Y were meaaured over a limited ~ ot 'Sip • 'lowueD!l§e 

theonea of SJk"U'ktng end 1on.:leati0n were thua teeted. l's.ter ~= ~ his 

group -~eed the :i.m.PGrtame of tlle presence o~ im.Pu.ri-t;r in the gQ$~1!! tor ~h 

me~le~nteo '.Ayera.(19~) there:f'Qre uadertook a redetel'mi!mt1on of the coefti• 

ciente in 4ts~t]3 p~r samplera of 11?• B2 ~ arp. T'ne reeUl.te of Ayers ·dit\ 

not ngree with that of othere of lower values ot E/p, lnat in 'thtt UI>llel' ~ 
' -

~ed :fe.irJ¥ well w1 tb thoae of earlier women except where the illpuri·~ ~ 

to be eer:bmslj' questioned. The data ot(llb~int. 1936) 1n N2 d1d not agree with that 

. of . k;em, altho~ tv: . had p\ll'er. ~ple. ~;&J.e; ( t936) oa.rrl.ed out experimen-t• to 

obtai..tt tb.e valut'!!e of d. tU'ld Y over the range of E/ P Y'~ from 30 vol:t/cm. •• 

~f !i'g~~t to 91'7 vol~/om. -.. ot lis• The w-;,.rit of. ·)bwl& and £Ialefi(193S) sa well as 

that ot:.:Penn:t~ ood Kra.tthott, 1936~. 19:;7) have ollOWD. striking influem~ ot 

mpuritiee in the pure eanplea. ·~~ton,_ :httoa and Hqydon,(195') haVe · 

measured Y for e range of FJ/ P' :from 20. to ~ Wl t&t/01!. •• ot liB• ~thod 

o.t maas~nt WWJ by men!iruring the pre-breakdown CU'J:'llent mld Plottiftg ln ( i /i.e) 
~t d • Wh~ther methods of meoo~ '(were :from (1) enere:~ bal~$ nt the 

eatllode fi!'Opoaed by :_A.Gmth~ro~ChUlr.e, w.:aar and .~ir1nter,(""1·93.a) and (2) by 

measuring the br.9skdown potential & using V s = f ( P ct) and Y \ e cL d- I)~ '• 

' 



\ 

. . 

r'. 

\ 

Th1a method will be discu.tu:md in det~l irA the subsequent chapter. ~-be cietem!M• 

tion of Y :rom tb& knoWledge of broekdowa of voltage aoo curves ot c£/p q a 

fun::t:Lon o;f'• E/ p have e.leo been done by Zlla.t\f worker$ (~ateyn 6!Jd ~~ '19'6• 
' 

f'.cmfer 19,8e ~traa 19)811 Hale and Huxford 1941 t all1n ra..~ ~and , 

~n and Dre.·tesen 1942 ) :bl Ita$ vapOura. 

Stud:1~e ·of <t:lnwveo"teyn a:w l1e~n,s; (19:!16) po!l,.-te<l out that at bigb. valtr.!e 

of E/p , Y .bould have the same vulue as in vacma bu'G that it ahould deorease 

gradval;cy wi tb decreasing E/ p e oo a oonsequeme ot' the il)Dreased loss of · 

· eiectror• by df.tft.l8ioD bmck at the cathode. At loWer values of E/ P 1 Y iac:reases 

agsirM.: and thi$ hac been attribut(ltti by :Krutthoft md' PeWling1 (1936) to llberaUon 

of e~ctrone b'om cstho<le },;;y photoBB or b;y metastable a·toms. ~im.pfn'·ionee of 
\ 

photons ill caUE!ing thttemisa:ton o:tclectrons i'l'olli oatllode 1a dieobarg~B in the 

,· rt['lXC gaaee bas alae been studied by dtent;y,,(193;,). Studies of relative inf'luenee 

ot ~ ioM ~ o~trurtablee 1n u dioohare.--e ~ argon· lfi th activated vacll\111 

cathodes have been made bf ~HU'dord, 19l9) and later by ~~tn.m Bad nuztol'd1 

·1940) ~ ~eir view we.e that the aeperotion of ·vru:tous ;factors ~v~ming eeoo~ 

proceBnes ta not iCM41lN achieved ey utudy of atatio 41ec.htlr0e$1 ana they have 

pU)posed a mw ap;p:roaab to the problem by etWy o:f the time lag~ in ·tr~ient 

diechargeJ their aneJ.ysia hae been extended 11$ . :, Newton, 1946 ). The,influence of 

photon bP---s been~ied bl (c~eta1 (19341 19404.) Scbadit (19~s) al¥1 &1e (19361 1~9.'. ). 
' 

,~L.\.ewelly.n Jonee0 ( 1939) l1aa concluded that e:rDept for relativeJ.¥ lOw val.uea of E/ P 

1n lwdrogen, photon oflta not oauee aecondru.-..v emieaion from ·the ct\thode. !J:m values 

of Y 1n oqe;en (Cr~ end ~eek, 1948) and for wa:ter &-ope in air' ·(i~Uebt 1~) 

lmvit been meeeu..."'ed. 'J:hemll¥ d:b.-eot measu:t"'emont of Yin Iig. val')Our apl)Oars to be. 

t.lli)Se of i~i\l4M"eu aid :Srateseu, ( 194~).- Y ie found to be very m'*lh GAller than 
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· .J... ·t.•. ,.aluea· in ~ gaee8!· Intoxmation ·1n polt-swmo guee ·such • vapoure UM 

benzene• OJOlooheaH, w1ue• was ob~ bf·.'Valerln-ana Petreeoad19.43)J Y ta 

\' 

veey eau. ttN (ti!/1) ( 400 wlV••. •'• o~ HB· tor an tbe three. !hie aa;" '"" 
tO· ··th~ ·tact ilbat large. l[lolecular lou te~ w (11-.ocSate wwm uutraiised •t the 

cat!lode, rather thnft releaee electrona f:tos 1he metal aurtacf. 
~ ~ "' ' 

, . . · . · · · · ion 
proo~aaee ae oausecl b7 bellbariment ot oat~e .bJ poettt.v:e_,, aetaatable a1aa81 MIS 

photona. ll1echergea iD argon with aeYeral cathode meteri.ala · have. 'beea atm.ted. 

"A ~end cUecharse baa been at:l.mUla ted b.Y pho~-eleotro• geael'ated bf a 

•buttered 118bt beem which 11111DiMtea the cathode o'L a r;ae ~Ued tube. 

~he trmw1eat charac~r ot the reot4tant CUS!'ntat ta obeervea. 'Y is de~. 
. ' . . 

e8 the ~ber ot elec=- wbich are libemtfK! at the cathode and e~te~ .the 

die char~ atres per ion· toned in tlle Sal• lt w thtta po~ble . to WZ'ite. 
' ' ' 

Y ~ f.,, ( '(; + ~; (,,X + ::~ [Y~ fonk + J,_,Y f,>'(,:] J 
where Yt , YY ~ Ym &l'fJ contributiou due tO :Lon•' photon and llflt!J4'Jtable 

· a tOmil . d. i t d -c 1 d. l,~ an auaber ot :Lou, phO'fiOu and ••te.ble · atoma pl'Oduoe« 
\' ' ' ' • ' '·, ' I 

pe~ ion per electron , . -~~ e • fl.tactloa that eecape bac~ d~:tu'sio~ effect . 

'J'f ~. ,· f *. :rrsctioa ot. pllQtoQ 'a.a aetaatablea g.rMra-d in .the ..-:wh.tOh,, 

re~h the cathode, f • traction ot ••table• se•rated in the sae wbtoh &:.. 
. ·. . , 1~'~•.: ' . . I . . , . ' •·, , . -, . . . :.-

CQ-.verted iato %'1!141&till8 atca, f y ~-< • traction o'f phOtom froa" .thee .ftd1Atil18 

.... 'that ~eoh the cathOde. X. .~ck ~ Mo~·· measurement tb. current 

le ~- to constat of _a caaponen t ill etep w$. th the attmulattus Usht p\llee 

aU4 a coaponent which 1sga by a t!me of abOut 1 •• aecosad.: ~ fast o~at 

·i· aset.Ded to be '4~110ribed by a Townaen4 eq\\uti~n with."'( coefficient sJ,vea _, 
' ' 

~ ~tal c~ai :18 e»esoribecl by a ~ownsend equation w1 tb 

Y-Yf+'G 



-· 69 ·-

'.· 

~ ~ f~sc :~, l fml< ··ym + fom¥ (K Y 1 
~e valuia ot '( y Yn & '( . are .,t cone14ered 10 'be be'Oter t..lusn 10 or .aofo 

."'<: ie foumd to be much Slaller tblll Y.-n and·,. Yi" .Which are oloe)3 :oq~-· 
.. • . . / 
5.'he iDfi••• ot ox:tde ln;er oatle oathotle ·baa been ditcuased by ·:.LleWellla 

. 'I 

Jones~ Fnrker,( 1952). Iaveat1gatton ot ruttcn et a1 (.19S2) si.vee 1mprQVed 
' . . ' ' 

e·tal)iU ty and accuracy o£ meuuremanta. 

··Experilnenta hnve,~ontumed the depeltd~e ~t· Y ot 'B/p ~ ·~e aa~tioal 
~tion of the Ya:d.aUon ot Y Wi 1b E/ p 11a~ beea provide~ by.~D:m.•• Du.ttoa 

. . 

·lUIS Ilewe~ Jontua:,( 1958)1 they have deduced a :fol'JI\tla 

. I, 
. ) p'c\ ( c{-.;ti) ~ - I 

exp 1 :p J 

€xp[P~<>'}_:I 

. ( .. • •• (1·36) • 

Where .P IIi, pr~Jsoure t d- • e~otro4e ae~ratioat )A • U&ll abeorpt1011 oo-effteieat 

~or j,hotoaa ill .tbe gae, 8 a aver~e ataber. of pbQtoDb produced 'Qy o• el419'troB 
·., 

tioT~n!t ~-.ca. 1ft the field tiireot1on1 Jt • the. photo electric effioienc1 at tile 
/ 

, I 

oathode, a • se-.et:rical factor, u • most probable velocity with \'lh1oh electrou 

le&ye the oe.tbodet~• drit1; vel~_1tf.• llllt 'tbt• theory bM been work«cl Cut ~ 

that the .. o'1Jl3 r.eoolttiary eft .. ot 1a th~ phOto-electric ac·t1oa at the cathode .,t ... •· . . ' ' . 

. . . . . 

. !they haTe not couide:ed the various. =e(ih&nilmB ·wbicb w.t.li col\tribute to 
·- ' . . 

the value. Qt. Y at dtfterent Blue a ot E/ P. ~· Although attemp·te have beea mde · 
. . 

to ac~o'Wlt tor the contribution of diflel'ttnt eecoDda:ey proceoaea from time 
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lq 8-t the depeaadeaae Of '(Oil J/p batt not been COMU~d from theoretical 
. . . 

·~ ~Poilltl! ;_Sen & Gh~~ ( 1962) has •tua:le4 the Tar1ation ot Y in a electi'04e• 

lees diGChnr@.e 1ft air w1 th ctiechuge tubee ot t!it'fe:reat »ngthe _ w1 thin the 

preGJsure r~ from tew; m1crou to 1000 r . ibey found that '{ 'f'al'1ee with 
... , • r 

:p~ssure :md · W.SO w1tl1 'B/p as 1D .the cue ot a. c. 418ohar~. 'l!hey derived. a 

math~matical e3p:reesion tor thet vad.ation of Y. W1 tb E/pl tnu agnea wtU 

· wi. th. the exp&r:lm.ental reaul~. 

~at i'owuent'• aecond ooeoett1c1ent should vart with ll!lP'tic :field has bfta 

· tt~ff(Jted by ~:Slevia am H83da». f' 1958 ). to ex.ple.in thtt dependence, of breakdown 

voltege an magn.etic tield, but i'Jo adequate e~ bas been doM in tbie problell. 

. e1 ther trom theoretical or experimental po~t of view~ .. Scue tlleo:ret1oal approach 

. M.a ·been aade hoWever by ~Blmn am Beydong( 1958) ueing the geaeraU•ed 

ooetfficiente. 

• .. (I· 3 7 )e 

~re. ~ tne oontrlbutioa ot positive ion end phown ·at the oiithode hB8 bee• 

oonoltiered. Hen w /d. •· the gene:ralilled eec.ohi817 1onteatio~ co-efttcie~e 

"{

1 

• contribution due "IX> + 'fe ion aDd 6 /rl due to photon at oathode, 
' . . 

K • traction ot secondt117 electro~ Which :mtaain tree 1n the gee. They llUV• 

obtained a._ treltition ot the fom 

where 
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. e ~ m 'Qetns eleatrtmto .charge mid mass, u the veloc1. ty ot e~dtron ~ 

· L •e: · ·!!eli)U :tre~ :lit th at 1 •• of lis.. 

(Sen and Ghoab,(1962) have atucl1ed the 'Va.t-iaUon ot '{ 1a om11sed ele~wtc 
'· 

and ~tiC) field. ·F:rcm the ateBe~ent Qf bwa.kdown potential 1!\ au eleetroaeieee 

4,ieohargJJ :1n a SBJt,~tio field the valueepf ~ t fownsentl 1S ftCond eCMJtftcieDt 
' ' ' l ....... 

tn 3 m.'lpt1c 'f1eldt. have been calculated d the curve-between 'i'H end H '·!'.haS 
' ' 

been found to ~e ~;'bo11c 1a aat'tlft~ As$U!Idilg an eXP,reaa~on ~oua~ ilvl'lved 

(Sen sm Ohoahl 1962) 

- _f( Ej p + B'IE. 
/-p + 

theY; bnve d~uoed on eapree.,ion trJ:r the ~iS.,ion o'l '\With mo~tic field tn a 

•lectro4flle88 dlec~ge. fhe tomula thue 4~uced can ez;p.lGtn the .obee:t"'Ted ' 
. ' ~ 

v~.at1on ot ~ With ~tic field amt the q~tita'ti~· agreement is-slao 

~t~s~~- specially for low vslueqot ~Uc t1el4 • 

. , 
l¢00fli!OAL 13lr:~rJIJ OF GAS!l:S ·' IiJ · OftOSsED . h~~RIO ~W. MA.GN~lO nEW. 

· ·:.·' ·!i.'n.e e1111)1th\t1on of .the =ecbat'd.llll of e10ctricel breakdown ot ~e. 1tl Uld.foa 

ls.eld$ t.e ot tr.tri•ic -~ teobnolostoal importaDCe sad bae arou.ed o0118ide~ble 
~ .~ '' I ' . ' '· • 

u~_i:.en:.ovcr a al.llber of yoaN~ The e~meme of th• probl.- ta ._ e~lsftatioa 
\ ' '~ . " . ' ' . . ' 

wny at a e.er·tatn ari tic$1 potentis1 called the breakdown. or e.,arking potential . ' . 

' . . I , 

'ana''w~'ourreat t;~ deVolop u the c:boUiifcondition$voura. Al~o~ a1rtiempa. 
•• !< ' 

· bav~ been mdo by . J .J t 'rhomso•j Stark and otb:r to espla1n the ae~Mnilll, ~t 

tru1 tful ~ttempt waa made l».v ~wuem. He derived the rela tioD ~tween iontuat1oa 

.,o-eft'~·ie•te d~t:s.ned t'b the~ maber ot 1ons;,pdre produe~ when u eleotroa (or loa) 
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-.,hi~h ·:are the- tiOle ~U::era ot iottt.ea:~ion ~have- collldeli a sreat niiu~r ot tiJlea 

wttii·ga. mol$oul.e~. ~1\aWig tor· the ·present, the effect of" waUe am electrode• ,_ 

fJ:!~ai deciucetl ·a 'reD~lon ·tor· 1et 9..~til •e Qo-efftei•nt. · 

. - • ' ~ t"'' - • • • 

t4le:re P 1e the pr.eetmt aJ.d l:i _the applied · tlel4• AlthoUgb. the Valttli ill ot U• 

e~~ion br• been quee~one4 b7 aa0y authors (lDeb;· 194?) ~--~ o:t thM 1laW 

deduced exp~~~iona to"'! d./ P the re•ul:te obtained frat tbeir espreaaiona <to :not 

give arq bet·ter reeulte ·than ~~aew•e ov~r an ext~nded ~e (Sen Mil Glwaht 

1962). :Wter Von liin~l baa 2ih0Wil that provided euiteble vall.MS are aesipd to 

comtQDt A.& B, ·l;he validity ot thia •J~Pri!$s1on-·be extended .for a wi(ia· ~ 
' ' 

· of _F/ p value a (Voa Engel, .1955 ). lAter 0. the ·arne expreesion baa been ded~ed by 

{6ibmri!t ( 1952) tram ~.-raUeed aesunptiou. 

-.· We have •een prev.t.cn.&ly thQt OUlftllt ~1ng m. a un1:tom field o~ be 
'' 

l 

' - ~d ' - ' - ' 
~e valU0 ot Y ( -e · . ~ I) is aero, at low v~ltage gradient but ino~ues as voltae& 

tW&d1ent :I.e raised W.~l 

o<,d 
Y< e 

!., ' 

b7 ~em. resant~ sp&rk br3kQomt tilts conditior:~.<:· defines the caeet ot ~· . 

. ~he, e18Tliftcame o'l thiu a~inQ cond1 tidn bas becm dhloUBse.d; 'by various authol'lt,, , 
.-· ... 



~·, .. 
toil~~ ·a modified e).}l:L'eQe:ton of(HOlet end, Qoetem!riJi!t 1923 >:.,.. ~e 8Ub31C1i hu 

been ~'ate« ·br (U>eb~ 1947) in·detall• 

· · · Ulus Townsezxt '•· e:r:proeeion 

"dv I p. A 
. ~ B 'PIE' ' . . ; ·' 

e 

•.·'·' ••• (1·41 }. 
· ,· .. · · de( · . . . . . 

and -\( ( e.' · -I· ) .e ~ 1 ,e., Ul to Sf.WJ a value tQ;t> the breaktlownvolt.age, ·,micb 
' -., ' ' . 

has been dedtM)ecl • 

·, 

· trhere 

' 

y · ·'·~· ..;;P~a:--~~ s •r-- 'io + log p 4 

. _A 

c ~ ·~. '.oa ( I ;r '{ _, l 

· • .(•·.( r-- 4 2 ) 

· ••. ~ ~ ( r : "+ 3) •. 

. . ,Tha e:c:p~~:s~oa ~hotm a ~lA tor v,l ; 'When "s • llPd -~ to be 

oott&·tant. .~~ ·· ~epeWJeme of v6 tm (N) wq· tt:rat ~ltohed ••riineatal.ll' 
I . . ' ' • • 

by de Lc(Rue &mlt· Mull.ei'1 ( 1880 ) •. later Poechen coaoluded. from extensive stUUed 
,._1 • 

~t V5 ,1• a ~tion ot (1\l) onl:f•: ~result ie k110WU ·a» PaaoheJI's 1aw.· 
. ' . ".: :-' . ' ·~· 

· . !ftie ~~own betw.een p1r11Uel plates bats/ been inv~stlgated byi, ~mid 
. . ' 

an4 .. moou1al,:: 19E,Pemi1~~g. 1931• ·~ta'.Wls & ~41nk; (19,4) •. :tn eeaeral· the vm:rtaU• 
' . . ~ ~ . ' 

·.of ,v6 W1 tn ·:(1'4) ebOW£¥: a ~inim•,.; 
.,;. -~ ~ueace of amau ·q~t1 ty ·of other Sf.l8 a0 impurity. has been ~tu41f!d· bf . 

~Mc"all\11 aD.a Kallyll01f,,·(19:S1). ·~~nae:.of elect%'04e .h~s be~Detuii..-..d by(~Up. 

Jo~o ard ~nd.er.Qnt (1939) :tor ~:tx diti'«'ren~· cathode si,.e:ter1a1u •. Ereakdow~ · 
- . ~ . . 

me~urement.e· :i.». bydtcisen lu:tve bef.ln et\ld:led. b)" (~~ (1939) ami Fricke (193') 
' ' . . . . 

~.lfS• va.Pf)Ul' has been&qldied by(Llenl.l1n·.Jo~a and .CaJ.lowq,{ 1939 ) atid. 



·'-

-· 74 •• 

( Grigol'O'Ylot. • ( 19'9) • All the pnvtoue wo:rker~J have ueed 1nte~ elecrtrodeu to 

4etem1l'a the breakdO'IIll volta8<1• wli1Ch- ao~ a ve:cy ~4 !Dfl- <111 1l1e j 

b~Gkdown wltap. · I 
I 

It baa however beett eo. that :Lt eleotrcldeleao d1acbarge ie maiata.irad b~ 

a. tr~- ( at !lO ole) tbe UOhent.ea ot bz,.<tinm ....,-., eub•tatnttall¥ ,. 

•ane as tbat of <t.o, but the effect ot elec'trode oalt. be elim1Date4 by ·th18 -~ 
I 

, 1 • • 1 

q4 a our :lnveettgat1on.\ft!l haTe wlopted tbte method of exc1 tat1on of dtsobar'1• 

· ~ b:reekdown ot a gaa tn croaaed electric and aasneua field bas beea ! 
. I 

' 

the aub3tJCt of mve8USQtion of 1181'\Y W9zkert. (ltfe1er ( t919t 1921 . ) utudiea tile 
t ,_.~ • I 

bl'Mkdtml pote•tial 1a N.r 1n p~seDae ot ~rae magnetic field· w1 tb. · 1 

. . . . I 
41scharge tubee ·of leqtb. 29.19 •• W1 thin preas\il"e r.anp 1 •• to 24. •• of Hi• 

. : 

i . 
mad ~tio field bfttwea 0 ami 1aa' BftUU&at •. ~· observed e riee JJ1 the ~ 

VOl taP tor a1l valuee Of preaBUM 1n preseme ~'f' aasneU,c f1e14e ( l'stm'SuB .( 193~) 
. ~ I 

. 8t\IU.e4 tbe eleotr1oal.a'ileharge between to CO,~l 071falera la a~ 
I 

•osaeUo fi~l4 at low presau..-roe and tour.il that w:Lth atrorag fielt:l there '* a 
· - -t-:Jim 

deo.re~e 1n ••tiug potential. · <Web.rlit( 1922) llade oaloulatiomt a regard 'tO 

·the efteot ot masnetic t1el4 on b~akdown oond.i t1cm ot a gas by eelculat1q the 
I 

V.alue of dv • ;, .th~'> ftriat fown.eend 1e oo-eU1oient in a m~tio tie.ld Be abowd that 

· Wlder the . influtmoe of 1118»gMtie · .t'ield the oleotrons deacrtb& a 'oyloidel path Ul4 

tht ·mean 1'1'ee path ~ wiUl chana• to ~e ·.._, that 

Ae ~~-t I 
Where u • ~t1a t.t.eld 1za gauae 

E • Electric field 

-e\-\'2/\ 1·· 
'6x\Cl'bf,,, .· 

e fm o :ra.tto of charge by ma1.!J. of electi'Qn 

•1u ( I · lf lf ). :. . ' 
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lienee the ett.ect 1• to incree.ae the prttesu:ee to an equivalent presm..u:e 

Pe 
p 

e H'"A. 
'6X\0-g[m 

I· '-L5 

titd.ng tbie ~zpreeeioD <vane,(1,50) 1'ouawi tha1r breakdoWn potentiai 1a preaeret ot 

~tic field•. ooiud.de~ Y 1io be OoMtlmt ill given ·by 

BPd j[1- € Hz A 

VSH '--==-
8 X 1,0'8 EYn ·.J 

c + log- 1 _ e Hl?l/g x lO'i\Eon 

-pd 

< ' 

•••( 1-LJr,). 

<_.willtt1 (1gS2) hae given a ortt10al dioouseion o'f Valle'• •ory OD4 

.. cleriired a I'Wfl eipreeston ·for Vs" wt thou~ -~atrodlJC~ . the equlftlent preeaur. 
: ·~ . . -

. . ,.. . ~ ' . ' 

oono"pt~. ~ de~vatiOn was baaed: oa the aae\tnp~n ot completelJ ~ei.Qtio 

colllaion ~ .an tord.8a'Uon probab:S.li 1\Y ot unt tq to.r ail those oolli,e1ou for 
e , . -b the electron •rg is si'ater than the 1oniaat1on eaerQ'.·Of the gq 

~ .~. . . . ' . . 

moieculeo, d/PM ded...,ed by ~t"rille 1~ &tven b¥ 
. ' \ . ' . . 

. 
Ji sinh [ ~ j. 1'· - It B L ) 

' ' ~~ [Q 

. cf). (A/ 0.) S~n h (a_/ ?.'AJ 

.•.•• ( I· Lt '7 ) •. 

Where 0.. 
' ~ . 

2> x l D E ,-n. J · e H 2 
, 

'· 

' •. cp'(/\j~) Coth 0. 
;)..(\ ' 

~~~ 

0... 
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electron mt:W0 ~'i'!JI!Jrf!¥ 9 the drift v~looi ty !:i!lld ather a.Uied properties :tn the 

. ~et:tc t1eld. They dedl.;lCed an e:rprees1cm £or d /Pee 

. ( dj p \/P , Ljp 

••• ( ' • Lj 8 ). 

U 

1'.1 ;:<_ 0 ra [.!. .:11: 
1 m 

. wb.er& u o. velooi ty of electron mm L a me£m free r:a th ot: el~otrt.ma in the ~ at 

1 nm •. preaeure. The 't\VO expreea1ona for equivalent pl"eBsm'fl giv-en by ( Webl'l1 

aM :Glevil~ and Haydon, 1958) a~ different i':rcm one another and their range of 

val:t<iiV he!$ been discussed by •.:sen and Oi1osb 111 ( 1962) over a ratl(le ot pressu-re 

between 1? to 1000 p • ~e wo:m eo far done caauot explain all the o:~.perimenW 

resulte regarding the ~:f±'ect of ~tio field on the breakdO\m voltage .• 

Ooneequtntt'!v this a~ct of the diool1arge phenomena hae also· been atud:J.ed in 

the present investtgati<m• 



a. A D I 0 J .. R E Q U -E N 0 Y :B 11 E A K ]) 0 W N 0 J G A S E s. 

(a) .WitboUt zlBpattiC .t1e!!l4 (b) With II&OlP!tiC fiel\t. . . 

~- mer:Jbama ot the b:reakdown o'l 88N• for sa altema.t1ng voltage at 50 oyQlee/ 

-~ is eUbetan.Uallv the aame ae that ~or d.o. YOitcge. However, Udder the 

influence of Or high :tnqueiloJ altetuat111g. field, tree eleot:rone :in a gsg Dll\V 
· .. 
·e 

·aoquint ener~e •uf:t'1ctent to excite and to ioniee -,the neutral gaa aoleculee. 

When .. the· field~ 18 sufftc1ent]¥ wge, the ionisation prooeee :lo owulative 

mvl the gas breake down into Q 1\lllinm.w slow d.1echm-,se. ~ exci'tinB tield l1lq ... 

be applied dtreot:~¥ by electrodetiJ connect:ed. to tbe aource of high 'l~quenoy 

potentiel. Al;tenatlve~ the pa ~ ~ excited by a h.f. current flow~ 

in a aearby co-.luctor. · i.rbe ti~t . '\ype of dieobar£,re 1e called E • dlech11\t'ge am 

eecon:l t)'pe H • dieobarge. The meohania ot E aid H diecharges are ~amenta1]8 

the. same and div1.ton 1nto two typea 1• jutuied o~ when the wavelength o'L 
• . I ' ~ 

· dlSoharBe tube. Com}'l&l'at1vel;v little st11ty bas been made ot H• di~~eharge. 1'he 

reason 1a probabl.f to· b~ .totmd in the ditficul ttos espe:rieaced 1n making preciee 

aeuureuntlt ·• the jmth of the disoharse current :La eloeed and thet:e are no 
• • • I ' 

eleotrod~~ betweell which current Qd p.d. may be aemsured. file brealdown 
' :J ' ' ' 

J.M!Ohaniam ill E- d18cb&r'Bt! and the magn.etWe ot the breakdown voltae.-e. V a, ot a 

... oua d1eqbarp in an a.o. tielcl dellen~ upon the Dattn'e 6114 'the pJ:"easure ot 

the gu, ·the frequency· o:t the applied field and the linear tUmene1oD ot the 

discharge tub~· . :me ~'eneral ob&raotertetloe Q:t the breakdown olU'fts have beea 

tl~ed by DllmJ wo:rice:r.e Bad .1 t has been ~ewed by· l.la:rrow ( 1932t193!S ). One ot . 

the earliest worke:rs; ~Oil ( 1930t 1~34} f c.:e~unciated two cODdi tioM for breakdown 
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• a 1deh ttetauency fielil.. Aatn.m.ns the electron u=de~ the Wluenae ot u a.o. 

ftel4, t.be firet ctri tenon was the.t ~ time ,,._.. thfJ •~omn must acquire euftio:tent 

energ frail the field eo that the ener~ is either equal or s;N&ter t.Mn the 

I ... 
---Tn 

2 [ 
E. e --.--
w m 

e~· ' l 

where \{ • ioniaat1oa 

poi)el'lt1a1 of. the gae. Tile •coat ooa11 tion WUI!I that the tl1s't~J.!lce _._,~ed bJ tbe . 
. . ' ~ 

elec~ in t:ble _nttt muet be eltbel'l' equal to ~r emaller than :the.mesn tnle path 

fo the electron in the 8£111• 

Heme. 
. E 

' . 

Combia1Dg theee two cord.1Uoaa he obtaiue<l en equation tor the bl'$~ vol.'lap 
. . .. ~ ' 

whiCh. ia a tamtion otgre.scure· ~ f'requency ani showa that a-t:. a certa1e. pressure 

the brekdcmn voltaGe ~c~e am~. !homaon (19:57) next studied the ~tal'it.na. 
• ~ "' I . • 

potential fo:r ~4rogen Yd.thin the preesrure rarl8't' (0•25 •• to 9~5 ••) ana £or 
.... ' 

treQ.Uent:J'·:{.,a No/~ to 99 He/e.· In ~.u.we o:r _lower f~~Y ( below_ 2~83 V:~J/e} 

he_obtal,;ncd doUble mi~ and above this frequency si~ t11~111• Double. 
I Q • • " .; 

mtl'li!na waa (:llfsQ obser't'ed by GuttOBB ( 192S) ltbo concl\lled tl1at th~ae waft due 

to ~aonane~ ph&~ena :w the aa., Gill an4 Don~•Pn ··( 19'1) :lolW tlm ·tbe 

double ·mtna• M.•,e~u tt the dUoblilrgee were awsq fl'Oil the. waU. ot the tube • 

. To explain thh; ~n ( 19;,?} attemJlted to modU'J .·~ 'liheoey~ ln o:tdel' that a 
I 

't.n>1oal electron m~ aoq~re b mu:lm~ ~rJ&r&V at a time, 1.t 1a -.ss\aed tbat 
I '' ' • ' 

tM <tleotraa beetu to move at. a time t., o \!thea the electtto tield is E Ooa (- cp ) •. 

!bea the ·1oni&Ug veloo1 ty .W1U be moat qu~1~~ at~d U t t ia acquked ia • ,, . ,, \•• . 
' ' 

Uu_ t 1 a~h that the electr;Lc field at ~e t 1• te E Cos ( cp ),<~ for tater We 

oo.Utton 
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'' tl ' . 

, f. Cos ( zn f t cp_ ) clt 
0 

GiU aad Dou14eon (19,t) ehow(,d 'that Wbe!l the excitat1oa waa by a fielct a' riBbt 

aDgi.ee to b: ~ Uie ot the_ tube . t double minima appear and when the t1el4 wae 

alo~. the a#G OM lld.ld.tmD ( tba11 at higher prerurure ) ~pppea:ft4~ 

fht: eapl.~.aatton i.e •een by oou14eri%lg a olou4 .ot electrons osoil!Bt1ng 1a 
·--· . ,...,,. 

~ ga$ \Wier the ~ntl-nce ot the field. At a· ftDd pressure• _as the field 18 

iaDreruled the rate of 1onlsati.on !llcraaees and when tbia ie jtat ereat~r tl'l~ 'b 

~- . o:t loss, due mainly to dii'~n, the ~low appearih .. Now if the pr•ewre ta 

~d'U3ed the e1eotrona aoquire more energ fr¢a tlle t:J.eld owing to their ii¥Jrei!Rd 

txee pa:th a!3d the or.tt1cull fom• required fozo breakdown :t.s lees. However aa the 

pn:esU..'""e 1a reduced the •v~ twle of oaol~tioa of the eleo tron also iDo:reaa"• 

and when tbie bec~e ot the tif-.e order a.e. ~ di~e apart of ~ walls, raw 
~pt J.<)ea of ~l~:b.oona ;1norall8ea rap~~ find the bre~ voltage 1e :1noraacea. . . 

. ' 

s;m, ~~loulatiooo o:· (9'111 and Do~ldaQn relating to their conditiQns of experiiaente 
• ' I ' •; • 

'• 

a~ in agreoomt ·w1 th their riewe~.:: 

:Br!!akt~Om'l in bJt~rogeft fOl .. :bequea.c1es S to 11 'U!c/a ·tor pd. a ~2 to .30 fl'im. Gil• 
,, ' ' 

· ot ·irg. 'f.'lmJ st\Xiied b7 Qithena ·(1940) who· attcmpte.d tG oo~lmte ~ sppo~e ot 

the minima: ot. {v,,. pxt!-} ·~Ut-vee ·with ·.the pold:ttou ot the walls ot ~e 41et;barge 

:. ~- 'rela. -Gt,.-e to the e1eotrod.es •. He concluded that the b~akdown of ~ h.t. 
' ' . 

:di:;icbarge MCU'L'ed th:rouah three! dltferent prooees which he -dei\ot~ by modea, · .. . ' . 

· .e.,bo~•· ee.oh of wbieh .aave rl.ee to all~'*. tD (v8 t. p~ ) e~··. Stm!lt:U'­

not4t.s wcr., obserwcr by · 1?.tm ( 19461 1949) Uf.d.ns saeU gape :ln air et pr.eetture• 

tram. 59 m.· to 164 • toft A'e<luenc1ee ~ :tra~ 100 Jlo/a to_.,oo No/•,~ 
. · Jleltt (1,48) tried to explain hl,ll measurements U\ arson and :.mort ol'e~ 1llt 

ra11se .of :trcqueno1ee !S ric/a to 50 Nc/s an4 at Pe. preaeUl,'e 20-50 mcrou by 
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uaun.i.ne; that tbe breakdown J.l()'tentinl for h.t. field. 1a determ1ne8 by those 

eleotrooo 1n the gas wlU.ob. ewoetrd tn acquiring 1on1sing energy,. in one mean 

fra0 path; there u coxwtderable divergence of the theo:retiea:l.J3 ca.lcul,.atet! 

breakdQwn voltage with experimental results in case ot lower ~quemieua111 ~e 

' value of ·the mraan free path ot the electbJn used \mD 'that §iven by Kiaetic theor;y 

wbtob oan 1~13 be correct. /J.a iii! ~~known, the ean frtte path o:r the ele-ctron 

.variee with the energy ·o"f tilt? eleetron &ld. as the e"Mre of the e;J.ectron v&l"lee 

betften zero &ld 1onts1ng errergy, what ia needed is an ef'i'eoti.ve mean tree path. 

Aleo the aOS\ftption til~t the probe.bil!"f.\Y of ionisation beoo~e a ma:rim\11 when the 

electron acqW.rc!Jl the ionising emt'E..Y' :ie no-t supported b1 exPerimental results 

beco.uee ~·~ haa been ahown by Sni th ( 1930) t.l'ult effioi~My of ion1aation. 1mrease11 

quite rapid~ w:l:tb increasing electron enerfJies aliflht)¥ e.oove the ionising en!!r&r• 

The extent o:t the infl~me of tl1o disohar6,1'(') in tho wnlht and electrodes 

utlon breakdmm m0ohanilm depems upon b relative m~tu:tes of p,t and d where 

p is the pressure t ie 'the fl'tique:ncy ruld d ifJ th~ electrode separation. Llitwe~ 

Jones mld Morgan . ( 1951 ) showed t11a.t ".'then "f't and "p" are euf'::ticiently bi0J. ~ 

am.p.J..itwe of motion o£ ·the electron clOUd ira mrroll, and it can~ mt¥:h lestJJt tt-..rm 

the lin-ea:r d~rwiooo of thl.'> 61scl1a.r-ge- ·tuof!~ V is il:ldep;11r.uier.r~ of the n..<:1itW.'t ot .. . . 0 . 

elt!;ct:rode surtace and 1.\MI!ooooaxy eleot'.ron prcth:ction tl.'t th® ~U;e·t:rode au.rf'.r.'Oes do~a 
().. 

no-ti appear to pJ¥ ~pol."tant paz·t• .Hor-:evtll" z;rt V'e;ey low p.ressw.·e, ex:pe~nts of' 
fl 

' d:i.ecbrage. oan be start8dt prcvid~d the :f.!"('JqW/!,frJj" is~ &;l'l!&tar t.~an $ critio.~ value, 

a.t qui·te a low potential whiob 1o 1nd.ep~J.\4{:~t of the .pre-~st.U"e of the 3'18• .In thie 

· eooe Gill and Von Engel bn.ve a.eeumed that n single electron et.r:i.kes the opposite 
• I . 

e;l.BtUJ eu:rfooe ald release the aecoll.iary el(')otx-one which move irl phase With the 

applied· el.ectr.io field hmd relouse :further elect!."'W!I from ·the wall.e. 
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Applioabtlity ot e:tmUanv prtnoiple in h.t. cU.ecb.al"ge baa. ile•n etudied by 

:Llneu,a Jones ( 19511 1953) and hta co-wo!'kttra. •\'IW'HS.t mxt. W1U1aae ( 1958) 

lrt.Ud~ea tile break4otta oonat ttoa 1ft Dir am twdro~ea uaSng a pn1r ot aec-trlce.U;r 

••w elAtctl'Ode eyete ·Mel meUUl'emea• wen made f~ YBluea olt p-d. • 15 -. 

ca. ot Hs• tu:ld treqUtnoy 5 Uo/aec. to 10 l'ic/eeo. tor t • 10 Jlt:J/a or more,. doublt 
" . . 

111n1aa eppee.red. ~ tint a1ntmwa wq not ve'1!Jf •eu1 tive to c~e of freQ.Wt*'7 

but ·the eecoD'l m1rd.mt11 ~ to higher valuee ot V • and up u 1he treque11107 1• 

dec~ued. ~ a1tnilarl:*1. theorem wu toum tote obtt7e4 W1 tbSn the b'etlUittt01 

ranse tnvea~tea. Whey have oonollll~d that the multiple m1n1m& 1a <v •• p.4) 

cu:r."Ne. at hieh t aqU&ml c• be blterpr4ttd on the l>wt!B ot a single breakdown 

aecbantem invol~ eleotroa geaeratton by oollJIJton w11h sat molecule eat lou 
. . 

by d~on a~ c!ritt 1Jo the electrodes and to the walls _ot the diec.bsrse tube. 

llbe tirli1fpublJ.med ftiiUlte tor bnakdowa 1n ul:trehiab frequency reston. 

appear w b-e tholle ot Cooper h94'1) _who made meaaUt"l!JJents ot the break4own lu etr1 

ill 4to-a:d.al lWs and wave gutdea tor aape between 0.1 ac4 o., •• at ~ pieeiiUt'e 

20.160 I!IDe At the two PWl.tni.~ (10.?011• IU:a4 3•1 oa.) 8DCi the br&8lcdmm Sl'8di•nt 

•• totmd to be "'fffo ot the 4.o. breakdown value. SUd.laX- uaauremaata Wl'e aa4e by 

. l?oa:ta (1948) whb found that tor ' oa. waw1 'bl•rcutkdowu wltage tor a ·o.04' Oil• gap 
. . 

i~& au under .11108phel'ic oontli tioa t~atrmtl.elll udepaDdent of pulse durat:Loa 

prcvUed thAt duration e:meede 4 eeoa. 'fhe nature o:t epark mechalliam :ta a oavi if' 

reaooaa'tor at tbsae wave~agtlul hats be.enetuUed by~ ard ,Cooper (1948) a4 b1 

P.mwae .and JaeiUk'l (1949) uail:lS pho~graphic aD1 epectroscopio methode.· 

~&tries ot in'leiJtigationa .on microwave .breakdoWn :1a eaeea 1ft cyl.UI4l'lca1 carrittea 

and. between oo-a:d.Bl cyltnden at a wavelength of 9.6 om. ha'fe been aade b7 s.O.nt'Own 
. . ' -

8Dd biiJ cone~-~~ (1948,1949,1959.1956 ). !!he gape etudte4 Z'lfl'l8e trca o.os to?·' •• 

"' ~ at pree:ture-fZ'(II o. 1 to 100 •• BB• 1be reeuit" '*- cU.aoUIJftd 1J1 te:rae ot a . 
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4UtUsioa. Other p.roeeaaea of removal ot eleotrona, euoh as attao.llaent ara4 

reeosabinatioli\t are con&14ered to .be neal1g1bl.e tor the . type ot ·the dieob$)."se• 

Ctutiied. WhttD the 88p l.e11,€&th 1a ~ OODlPl'lX>ed With. tbe W&VelenerthJ the elttctreatc:: 

t.~• raeaa tree pa~ liftd ~· &mpl1tllle ot oactt.llation, the b:reekdmm conditio• u 

obtaimd frca cou14eration · o'£ the eonUrlulty equsti~ tor electrons • 

vr 
• .. u( I·SI.)• 

w~n t•'Y\• te the elecWcm deuitrt v ,.. ~net p:rQCJuction m'te of electro• per 

e~otron and .deJ)Otes the dif£ere•e• betweell the :10Dieatlo• rate, and tbl at~t 

ratft!lt r represents ttm eleo·troa current denB1t)" loet to the wa1l8 by dtftua10.. 
' . ' . ' ' ~ ' 

b ~ahold tor breokclown 1$ oonaidend to ooaur wbon 6-nj c) t goes tbrc\l&h •ro· 
' ' ::. . . .. ,. 

~ 'b:reakdo1m i;;jthen the (.ltle.raoteri•Uc value ot .the elaet1o 'ftf)l4 ob~ ~ 
' . " ' ' . ~ . .. ~ . 

' 

- 0 
u~,( I·· 5" 2 ). , 

with thebo~ col¥\ition that the electror& de•iv ~·at the oavltt •uftaoe. 

A bi£,b :treqyemy iontesttoa ooettieien'* can be def'ine4 ae 

f 
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Yal.•• f)f .P be.Ve beea i':?Oloulated by lh-owll aad othera tnD their breekdt:ml ii.c~aeaw 

.Uer, .pamllel pla'te co~ uoa ill oy11It4riaa1 oa'fi v &ad are ezpreaaect u ful\Otioa 
', . . ='' • 

ot ?/11 ~ P ~ ·where >-- t.a the wavile116th• ~te data . a:r& ~ uaect to ~al.oul.ate 
• . • !\ 

breektlewllWltap 1a air be\weea oo-aial oylia4e:e aU4 reaulte ~·· toua4 t.o be 

· u c1o8e agtr~tl!lleat with the experimeatsll¥ 4ete!111d.Jle4· •al•••, It th$ appli~ 

treqv.m,y t• ·81'18a.ter thea the frequeD()y of 1Mlllat1c oo111eion ~d l•• thna the 

b'eq'QeaoV of elastic col1111ioa, l'lolateia ( 1946) Rowed tb.at the eaer&v dla~bution 

.of eleot1'01219 1a a b •. t. t1el4 ta cioael\1 b eame u that ot elect2:0M u a e~tio 

field eqwl in.magaitucle to the r.a.e. ftl.ueot h.t • .tte14. BGJ.tJteill .deduoe4 the 
.. ' 

"reakdc:Mn 'ooDdi:tloa that the ra~e of productiOn of· eleot:on b1 10!d.tle.t1on ••t . 
- . . . . 

-.xoeetl ·tbe rate. o~ loe~ 0. to dUfueion for 1\'WJ:ll at~ gae••• In c sao of a 

unttom :t'1eld betweea pamllel platea the oalcula.ted relatioa is tween the bl:'eakdowa 

pa.dieat s, the gap l.e.asth 11 4 " aDi theaaa. pnael.ll'ft ttpn h 

t ( E I p) cJ;jp ••• (1·54). 

d. .is the !OWIIaeQ4 '• firet told.1Jat1oa coefficient,..· 

Ia a eerie~ ot t}1eo:retiQa1 papera oa b.t. d:tsebargej ~u am~-- (1948) 

ba.Ve .41110\lHecl m.ethada :tor ctetel'lllinlfAs the eleot'.foa ~'ri!¥ dietributioa a.t :,.ve 

ehoW.Il how wah hactiomJ oaa be uae4 in ~e o&lculatton o~ the breakdoWA .field• 
'1,·",. ' 

qa th~ a.a..aptlon- tha th& onl,y meehanta tor electron removal ie irecombiMtion · . . . . ' 

wi tb P®i t:Lve :lou. ·!fbe cal.cult- t.ed valuee are app~ciabll lower· thaa ·thej:aeuurect 
. ; . 

. val:u.ee ancl the d1ecre~J18 explai.Ditd 'b1 the oo!18idei'$t:l.on tbat eleotrO. ••t · 
al.Bo be remcmtcl~ bf o'ther ucba.Dilllle. · · · 

l.. . .. > Q ' " ' ' '· ~ •• • • 

llbm:'~. (1952) usllliaS a proper model tor co1lieion processea u the ~olecU).a:o 
' . ' . 

. ' 

kU1:~rtio·~eo:ey ot el~ctrical diacba:rae and m()Qi~ tbc. <Bolt-a•• traupo:rt ·. 

equation obta3.ned expres~Jions tor. the t~atal par~etere involved ill the 
. . 

di~bege ~aa ot. ea8eB•. DiVicU.ns b "hole problem lnto 4Uf.,rent parw 



-· S4 ·- :' 

··~r!\ :9b1:Qiaed a~·olut& e~reseion tor Mb1llty coeffloient; ditfw1oa ooefflo:t.~·~ 
' ·' . - ~ ' 

•' 

and electron t!!~pera'tu:t'!•·:tn 'tezm~J of oome aoleoul.Br colldante and sa MUt.tt'eable . ·.. . '. ' ) 

Pa;reaetera. 'lhe p:roceesea by which tbeue moleou1BZ" conataata for d:tffeteftt saee• and ' 
. ' ,, .• 

Vf!J>O\U!el 83.'e to M o~UJA~ have a'l:&O been proVided~ 'S:ta.t'Ung froa. Po~t.­

distri.bution of ober~d parttelea :l.a a gaa with unuom temperature m¥1 pmewre 

.aM J!lO!N&itom denai ty aM applied ttlC'temnl. eleCtric field f l'ihara (1952) aleo 

o~~~d the wel1 known relAtion [ a·~ttueion ooettt~ieat ,,~ Ke Te 110bilt\Y J 
where. . fe • _eleot~n .tem.Pf!l"nture and· X the lktl~ coataat. 

A$st~~:J»g tbat ·the coe:tf1o:tel\t ot e1~tic aoattering between pa molbculee tat 

f3leotron or ion~· U.Versely l»!''portioml. to tllc r--e.let1vo' _speed between the. 

eol,11d1ng part.tclec aa es,press1on tor> the diftereace ot gas tGftt*ature aD4 

electroa tempreatuie ill tit.~ of appUed field and :.freqUtnoy has been ob~ti 

by IW1ar3., _Bxttindiftg tb18 t~ea, the aobili'T ooetficient of _eleotroa in~• 

t.: 

•re 

' ;- ... 

' ••• ( l·f:J-·5 .). 
f. 

B' .~ DUDber ot mo~ulea ..,er o.c. and A ia a .. •leeular coutant ~troduced bJ· 

. l'iba.m 111 tlWJ bor.Y ( dimerw1ol'l . Cll•:,/s<~. ~·accounted for the··~:r.oi ta.ttom. 

by electl'OD with the help ot a ao4el stv~ c~seaection ot e:m1tat1oa u 

. : Q'' (Co, { c ) . • f c. 3 I c 0 J. '···' Whicb :tn•olvee 41 pxO~eao .· ewb t)lat the ' 

~eae o~ electrou 4eoreue fran 00 to vaae~belotf c because ot :t.ne~tio 
.. ' . . . 

col:U.sione. He:M f ta a molecul_. udel oozmt~t with tlle di:leada of atrea · 
' , • ' f . ' 

} . ~ 
diVtdH "velool~. AocrodinS to "thia model ~ tcrt$1.· OJiOae-eeot1ot 

., ' 

Q ( ~o,,C) ~ fc. 1c,n:oport~~ to the ~~d ot 4o111d1Dg e,lectroas. 
' 
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. \ 

Q 

0· 

Wl1ere cr 1• a moleoular oo•taat w:f. th the dtmeneton ot area 8Dl · ci oorreepond• 

w elec~ velocitf at ftrat tonteat1on po~nttal.• Sace a tew electrons Witb 

•aoept~ooa~ larae enera1ea uawUr take the ~in par1i. ot :1on1eat1on; leibara 

oomsidered that the veloci v diatri.wt:f.oa of electrons is JliOt d1•1urbea by the 

ioDieation p~ee eo that 1-t oen be taken M J&awel.l.iM. hoal tble neoa:f.D& 

he obtained tbe expression tor the :fi:r.t ~ea1 ooe1fi.c1ent d aa 
;: <:" 

a I ·p 

'I -;._ '/ 
where Jl.o -- ~ • ~ · ~ . ( 3 fA. J ?. and Be ~ ~- · ~~ ~~ · .. (. _3 ~ f) ~ 
?/hen the au is exoi ted by miorowa:vefl aDd the preasure :ta high the loee of elt~trou 

. . - . ' . ' '\ 
t• pMX'till,f att:rtbutad to 'dtf.fueioa but 1n oaee o~ emitat:f.ona by radio~u.ejat•• 

tile lo•s .:ts due botb to rnob1l1ty !lad di.tfuaion aad the continuity equation :1n 

... 

D . ri:'i .· .. --: [ 1=<. E; (cs wt T ~~ .·- . . . ' . w=re .K 1• tlJ.e mobility ·ooetf'J.oient of eleotl'On~ The breakcl.OW!l eo~tica for 

r~ :f'. diecbarge ie 



·~r B6 ·, • . ' ' ... 

whlch Ia expUott tom .• be written, OB the a&a't.lnption tha" fi~OtJ:Ol'i'e Wl0c1tf . . 

- .A, p L ( \ - E I B" p ) 
C;t L If\ 

•.•• (1·56). 

where A1 (ILftd oa ore two denftd ilol.eoulo.r oooatante illt!'Oduced b1 Q.bara (\ te 

tbe wavele:ft6th ot the appUed r.t. field. -Thiai theO:cetioal. expreniol\ 11!1 itt 

UEWeetaent with the experimt!ntal observations ~to a certun Umited range •. 

Ta!.Uet 811d ~t (1965) tn their oonfereme paper tnveet1ge:ted the pbyeiod 

. m~han1e of .. bit;hhqueTtcy_41•hUset* aaiata:!Md by rel!l0Dar10e •. It wae coaolUilecl that 

wh~n a rad1otrequenq diaeha:rgejte e:xci ted w1 th a treq;tano7 . W / ::z n higher thaa 
. . . ' . 

'the ·c~lll•ton trequenc)" J f a t"eSOMll!a dl.te to the dta~eJ"a1ve. prop~rtto 

of the plsJma can oont:rol . the, steattr state of the' tiacharge ~- detemUe the 

Vel, a ot the electron d eM:!. t:f :tor fl gtTeJl gecaet17' end freq,.,DI)(• 

. :: '1lee1dei the two general. ~ Of losa Of ttleCtroU . :Ill· h1gh ~ueDOJ d1acbarp 

aeme~ mob1l1 tq a'Jd d1t:t.)J.eton, there l2l&¥ be a tb1r4 'tfpe of leas Jilechani~ w,h1ch 

beO~e· -verJ ~nt.bl.case ot certaineJlsee. ~lis. 18 the lose bj' .·tOl'!IW.tiOa 
'· !' - ,. • .. .-, 

.. ot :neiatlve ton. SegattV..~,ioDa. appe ... tn getJes UDder two cbotataceat(a) .tbe7 

· ll8J ::>be e:reet~cl in. ·tne. aaa ·largely thrOugh attacbaent of tree •~.Otrona to at·adl 
. . :,- , 

. ·ana ~leoulel! t7.1'.ld. ··t-~11' by d1eeoointion ot moleoulee in the polfl.l:' .phnrw b7. 

~ll ctron impact, (b) they mq be :i.nUOd\¥H'Jd in the · gM by iatemc'tion Of :tu1; · . . . . . . . 1 
p~UcleD ot ateaic mass Vii th surfacea o:r by ;liberation. from hot aur.tace8• . . -:· 

b.tt.ucbuent of. electrons causes loee ot the f'ol'11ler 88 ionising· sa~nta·.s.tld lead• . ' ' . ' 

·w delf.ved end undesirable elect~nic ~Q~aiq eYents sa ao~tricol. tield 
. . . 

· breekdOGDnt: It ~1'· be ·~ther act ·~ ht.creaae the rate ot l.Ooa o'l C81Tiet'e. b7 

receabin~Uon• 
·~···' . . 

' . . ' ~ . . 

···This -loae of electt~n b1 attacllnent te"ve.q predaoinant; :feotor ~ o~ 

ot" certain tlpes ot ~~ e.g. O~t ·.~t so2 • halo~, •*·. ergm:d.o vepoUt•a etc. 



. -···tfi ·-
' . 

which- ht+.vc a etl'Oflg a.ftim.v ·to attaob the. el~ct:t'otls til_ neutral atoms or aoleoulta 

to tollti aeaattveton direot~ or by dteoo1at1ott. '!bt$1eoti-on j.a boUnd to the 

naolecule with an eerg to... tr1 tb 18 called . the elect:rou afflni\v~ ~ phell()JlttWJil 
~~L ' • • • 

, 
electromc ehell~J are mar]~ t1Uea. ~e me~ .of :tb~ eaawe with whiob ea elee'tJisoa 

. ' 

can attach to a. rteutral. atom or aeleolil.e 1& given bY tbe ~lec.lt~a affiD:i ty 01\tl'Cf 

wbi.eb varies :tree about 4 volts for gases 11!!'5 P ~- Q~,.to ..,erlJ sei'Q for. thole 

gaee~ wbieh exhibit .snau.atachment ~ ie -v€ .for those which do mt. Awe 

charw:terieed by; olosea el,ootronie ralleue ~ 11lfl't. to e~m atcmdo e~otro~. 
·'..£··., ' • 

· JlolecnJl.ee 1n 8 l ground state a~ characteneed Jy -M' l'eiilultirJB apia or aneular 

moaentun. ·. 'l'he:~ l!!lectron8· ~"'t cioaed groupe ~ henoo alflo. ahow 1nertnes3 to · 

· ·extra molecular electrons. Gaeea suob. !18 n2, ~~ tiP!· CO tall ib~ thie g!'oup _ 

and ·s110w m electl'On··.~ttaril'im~nt; .• 

~~-·at~nt of el~otrmw 1n sues was mt c~arl,}I',Mf.eei-¥e4 uatll abot!t 
.. , . . .... ,. . '· •. . 

191o when -th~ ·vac:nma teclmiquee etDl· saaeoue pur.lticat:toa·o:t ~e let ·F.ramk ~ 

Pohl· ( 1910) to . etu%" 1ou. mob1l.1 ties.·~ .!M,_t gaeea aBd N2 and. the~ ~~d the·. 

p~n~e o:t free: eleotl'OWJ ·a·t -btgh-ef.,.l)l•ttrJaurefl• ~1$ stud1ea o~ !~lid .(19_J4) · 
.- .. . . ' . . ' . .· , .. ' 

ol¥1 bitt ·co-w:clte:re IA1te)l'e tiZ~ (1912) had.le·d to the r€Oogn1t1on .o!. the 

•ncJ.tehae o~ tree· elootrone (.lt .. lowe-r pressures· in e?-Esea. The experimental vto.r~• 
. ' . 

· leadille . tO th~Qlt1mQ·t.e d1~eming c~ electmn attachment we~ studies of the 
variation ot Cw:"l'1er mobUi tie a :m air as a· 1\u:lction. o£ p:resatlrf!t by . A. F.J:Q~ok 

( 1910}' with b llt\lther.ford ·A.Oo PAethod ot mobili:~ meiisuraemta ue1n.g photo eiecuou . 
' ' . ' . 

:tcna 1.\)' · u{- ~tiC leo from PO in att auxUJ.a!v fiel..d below 41 ga~- .tollcwirl.(.l tbe 

method~ of· Pral'!Dk. 
I 

Obs~rva.ti0r1 of Welliooh ~ be stated b:riefJQ · :la the :tollom~ lV0%'4Br~ . ·!l"he 
~ ~ ' ' 

·.'l'' 



·• as •• \'.t, 

4!7 at:r.- at lowtt~ p:t"essures_lvla been fUrther extenied to Co2 sal a1 aa ·tn tbta 

two sa&Je$ the el•1;r<me are rolativelJ liOre l'l!Droua tM:l in atr at the col'ftapol14:1ng 

press~. A trace ot 111puli.1jy :te eapecialll' e:tteotlve 1n reduc1f18 the J.'llllber or 

:tree· electroDe wbea·.the ·Bail ie at relative:4r htsh preasure; at taw preo~ure the 

· · effect of Smptl'd.ty u ~so mame4 •. ~moat cue• a veloci'f6' c;reater tball 

tha.t arising trra tht:tmal ass. tation at cmlil.1al1f temperature apperaa to be aecenaqr 

.to -.able the electron to e:ttec-t e pe~nt uni~ with en uaobarged molecule o:t 
" . 

the. g&O. or impurl. 'tW• fo~ the vapour of· petrol1~ ethert . Bho.ee molecule a contain 
·oi>\:. .. ... ' 

o~ e.tmna of c&~"bon and bfdrogen, the negati~ ~ar;t~iere appear to oorud.tt 

prao~:lo~ eats.ro~ of' tree electrollftl • tr00~ o.t impuntQ, bowwer 1a au:t:f'1cteat 

to "ttee)t the pt'Od11ltion f!lf a .OOQIIidei'$h~'s ~~X' ot nesaU.vo to~, . A bl'iet 
. ' 

~e&Ugatloa hu 'beea .~e. of th~ mot~n o:i." ~e tree teleot:t."C»W tbroU&}J. oo11· · · ··· 

the res\llte do not tll(iicate that the vel001"t~: pf th., electron ie ~~~t1ons.t·to 
. . 

·the applied field, bu1L ~Ntt,~eet 'tlult the ~lootron uv trtl.Yereo a ~.id;~¥-able 

41atance With accelerated moUoa be:tore its 1!e:s:mf.M1 velocity la .Cq\4red. In .0· 
. ' 

. . 
.tlwt_,a wae &IV' trli(lenoe ob~d ot a ob.aage 1n 'he nature ,of eio~~r th• 

; ' ' 

. po81 tive or ae¢11fe 101.1 Wi the pl'fJaaure of the 688 was reduced. ~e .sreeeat 

~thod wu cplo'3ed to detetmine the valuee of the ionto mob:Lli~~s -ror a tew 
• f, : 

vapo=-. end the rerlulta .have beeJJ :iaoapa.~d With- pre'Vioue 4etexc¢~~t1ou. 
. ' ', 

l.Qe.b ( 'ig21, 1ga,·. 1924). l1n a eertt:ta ot work ttweets.sa.tect the :poe.~~b,le theo~ee o~ 
formation .o~ cesative i~ trom electron and wutra1 aol.ecules pl'f;)~oeed by 

. ' 

J.J. !l!bouoa and by WellS..Cb. · Mo~Uities ot the carriers tomed ~·photo el~trou 

liberated from 0~ plate 0~ a paralie~ pia.te COJI4eneer by a beam O:t ult~a 'Yiolet 
. . 

·light, toousaect on it at ,. glancing &n&le nom a. quarts 1ezwt W8re .4eter.d.ne4 ~t 

4t.:Uerent pJ"eeWt"ee ·for air uatng the · Rutl",er.fo:n'l .I\. C. ~thad. The ~sul.te in gene:ral 
. . . 

confimed the l'Oeulte ot pnvious obaen>era• ~ieldi:ns a aitlgle olJl~f!l _of calwiert 



. : 

· whoee mob111t1*'s becEGe e.~nomal belOw 150 DD• p:reseure. :l!he v&lu.ee ·ot these 

'mobUittee we:te also found to be a :f\mtion ot ··the trequenov ot COllb\l.'tation :lD . . . ' ' ~ ' .. 

. " 

. · into. 1be · chanber J:edt10ed the atrav U@:t e:tted~ and 11i wee . to'W'.d that the 

· .~totiC teet of the curyea obaene4 below 100m. ,reasQre Welft a real and Smpot-. . . 

tarit feature ot the pbemmenoa. '!be mathematical theory Of .J.J.~ wae adaptt4 

w tit the•e measun:mente and on tl'l.e baB:te of the. equation eo deduced the· cbGDOI 
. . . 

o~ :f.cm tomation "a" wac d~tctfdnecl t.rcm experi:oo•t• WtthtD tbe Uld.tli ot . . 

ac~ of the me~, it a" wu :tol.md 1D be eqUal~- about 2., x·1o5 tor PUre cb.7 
. . . 

atr. fhe , current voltage c~ea computed. on the basic ot tho ~o~ tbeoey wens 

. caapared wi tb 1he ob~U"rYed· cniWtUJ fl!lld marked pneral etmilar1 tiee were notiCed 

below 200 mm. P"88Ut'fJB• file eo)im.Ptotic teet of tbe oanputed and *)b8erred ~urvee 

Uc close tosether; Wb1eh. la a18Jlitloant 111 sa muoh a. it 18 theae portione of the 

observed C\ll.'Yea that )1.eltl tbe abnotm$1 valliee ot the mobi:J.iV• DeVS.Q:tiona ot . . 

the _obeewed ou...,..Yeil frau those comPUted at the higher rmtl 19l'rer- pte•aU:re•. are· 

explained. Repeti tiOD ot the WelUaob e~e~nte .n.ows,·. that -nat. be tmaed 
{ 

"me el.,cUiOul1 Bl"e .the carrl.~n ot ebno.Dlall¥ hi~ mob111t1e-a obee~4 by th$ 
' 

earlier worke%'8• It ta ehorfa that u the elec~ do ilOt a~taoh to B2 JIOJ.~ulea, 

and. that eo the valuee ot " a n o~tatnea :b& pu...., o2 anim B2 wi tb ~n .clU&Ati tt•• 
.. -. ·, . . . . . ' (· 

.of, Oa.iJl it.~e ,VJi~ ~ V&luee fO\Ild fO%' &1.- OJl the· baefoa 0~ iU 02IJ88 COI\tea'tt 
"' J ~ ' - ' 

.- qn~ . must conc1wle th-at 1 t !a to the. o2 molecule• 1a E4r that· the electroaa attach. 

rate val~: of 0 n tt tor 02 molecules te then 5 a 104• 
J 'J • • • ~ 

lloet of the methods ot aeasuremeate ot." h " 1 the att.aoiant prcbabilJ:~ wen 
- . . '. . 

lWadtcapped 4UIJ 1D different :re aeOns~ !ecsuee ot tbe Vet/3 low values o"t "h'* in maav 

gaaew, • well ae the dtffieulty of ach!ev!DB &rouz» ot electrons ot ~ em:rf{t. 
. t • ' 

. .,.oa in gahe ot au:f'Uctent de~i -ey- tor •;pp:reoiable attaowu!nt, aisnifloant · 

etudlee on the eppe~e potentiele of iorw .an<l' etJ.el'&f of ion·to:rslation with 
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ideattnoation of ion epeciee £o:rmed b7 11MB a»eotrcgraphs imve not been euoO.satul1 

·unt11 Wheil Hiolae. ant Poll (1954) applied their re~ potential dittereme 

meth,o4: to the s~ of llttuc~n t ot eleet:rons to s F£ cu'Jilbined with tla88 

opeotlioaraph reveali.ng a new teehni~ue of' iaveatisa~; 

.. At eleotroa .that makes Jc impaot•. per eee d ~eto the ~t:ioil ot the £1el4 "E" 

'mono? E oenttmetere ~r seo.· take& 1/ j-~E 8Cf;On4a to so one cent:lm$ter •. $t~t1nS 
' ' ' . . \ . ' ' : 

w1 th "•" electroll*, the n\IDber d11 out of· tta1!( that attach :J.n going cJ x cenUUtexw 
. W111 ~~PeDl OD ttatt ,.· Ve. /;tE and Otl olx • lt til\.,· is tb~ pzopo~tonaltty OOJ!Wrtan'*t 

' ' . . \ ' 

' ' 

· the-$ . d. 11 · -= - h ll 'vc · d x / p E • :.._., · ~8 c;aU•Ct the probablli ty ot 

· at~!lment and· L• the rec!procal o£ the av.ere• tllhbe.r o:t :tmpaots aa electroa 

Uket to attach ~ )A iS 'til~obili ty coeffiQtent, · Allother quantity ri (3 " 
' ' ' 

-.,n1 ~: de.tined a.e the probabil1ty ot attachment per ca .... tll'tir.rel U. snalog to 
· io!d~tion coeff1o1etlt " d, " ana likewtae (3 / p 1e a :fun0t1on ~ !/ 1! ~e~e · · 

two: l.ttaai11lent eoetfic:l.enta a\'e relate4 by h = (3 fA E /.J,· ·;~:· He.loe ~tber. 

ooefttoient . uo.. · may be detine4 1n &Jialo~ to Jl t, · tonisatioa fl'eq~ •.. t&Dd 

·uy t>e callod .th~Jt attao~nt :trequ!~y and it is related to tth" bt · h -= J~/ Jl. 
. . . ' 

· .· '-'ak:big into consideration ~~ new mecharl.tem1 the oontinui.V. equ:J.Uou tor ~..aber 
. ·· o~ 'eteotrou I -~~•: mev be ·~1f1ed bJ puttins [ ( J L - · Jo.) n] Ia place of 

. 't' ui' ':n ) .. the :tftquenci ~t pro~tioa of el~c'trOl"let, when· 1il'le breakdOwl.\ .· 

ooniti\ton ttl :oGiiJtlt of blab· trequency <.U.echarse: with ftfazwe1lian ve:\oc1 tw di•ti'ibuttoa · 
~ .a . ·~ . 

. Of electron oante gi'fen bJ -' ·-::::... _.,v_ - '"' . n lJ(l.N~ wbftre ' E~ • •tteotivt 
. . ,, . . p p ,3;(E~jp)~clr~; . 

., fif>lt. · UlAN~ • average electron ene~w in tt~!~ ~e qu.ant1t1ee d) p j .!3 j p 8114 · 

u CANe '• ~ au tunctiou ot ·. E~, I p_,~.~ 4~pei·nd on the. ene:rgy dia~b~~on. · . 
. :funouon. Dit"$'erent authors meat.ntceet· the varia~on ot · .. d / p · end . :~/ p ·. wi~ Etp ·• 

' . ~. 

' ' . 
attaelinent to the molec~e tmd a.~ em app:cy·tns· oont.t..Wiv eq~ttcm Uani.aoa · 

' ' ' 

and Geballe ( 195J) obtoirled the eq~oion . .for V.(l. c~t £fir applied ~.o~ 

voltase E.aa 
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l 
••• (1·5'7 ). 

wben 

a •. d1etana• betweq the eleotl."'dea. Variation o:f d·~· Ct.rlfl"ent Wi 'th dUf'eftllt 

~1eat:ro4e ftJ)flrat1on for value• ot »!/ p • 60 to 'E/ P • 25 'ft>lw/•• : •• ~ IJ6~ 
i ·.. ' . 

were obteiuJut. · Varia:ttone of ~ / P wt~h rJ., / P were obta.iru!4 for atr1 Fieorl• 
' -

OF' s.J:f • flesauretUeots ot variation of 11!1" with rt/p m.tre made by l!ratbU17 

ruid Tate1 ( 193•) t~r · ~ee so2, if2o,u2s,-,, a2o. HOl , .012 . Ani! utttero~t 
111xt~• of attaobi.n.g ~·· :B.urch 8Di. Geballe ( 1957) met'tBure4 the variation ot 

~ J p 1d:tli: E/1 · ot OJ\YBeL lfee.e\lt'ell4!atti of cross section ·ot attubment ot hal.oaeu 

U.~ _13".7., 1). tor different ener§ of the eleotJ"On by He~ (1938) ehow a Ji~Cm\D 

aear 2 volts<>£ eM,:rQ of electrotLG tor an~~- eaae•• llhese are. the~· ot 
. \ 

the breokdon voltage data ot>me~ 1D blgh ~quenoV' dloc~ o:t attac1W1B gaaee 

tfAking the efteotiYe high frequency "tel<! sa the applied ».a. field• ):ia:rUn ancf 

BrowD. (1948) 1\tt'l.eut'ed the breakdown voltage' 1ft air at 3000 Jlo/•o Wi'th the dilltaDH 
. . ' - .. ' . 

YSl'finG tna 0.635 Oll• to 0.1513 •• &rid the preoaure ~ing frolll 70 ra. Hg. to 2 a. lfBt 
~ . 

Simikr aeaaureiltnte were clone b.v.·l?:bl (1949) at 200 Jlc/eeo. witb ·_the i!PP length 
. ' . . 

Yaryintl tree o.oe •• to o.06 om.- aad the preaiS\U'e ·~ fl"<a ?GO •• us. ·to 

. 1.60 *• Hs• '!be dlaorepeac1 between 1hese Obaenat1oli8 aD:l tbeoJ(.eti.cal plot ot 

· 'brattlowa eurn• obtained by takini help ot ~ae\\t'elllenw ot ifeGley &ad P.q4 ( 1941-) 

tc~ average electron ·energy ee. a ~tion of E/ P wae of the o:rde~ of 10%. · 

Bowe'Ver With iftereaaed pun v of Sir-Jo" ~ eMr<J' obae:w~tlon ~·th fre~ a:tr ' 
, .. 

after exhaUBtin,g all a.ir of the previous · observat!ou.--~e ex.pel'iilwntal 01aH"e . 

ehoWo a~h better agreement witb Ute tbeorettoal cUrve• 1b0 data of)J.I1orowave 



bfta.k4oe me~0nta tn OlfltteD at JOOO Mc/ee<t Wi tb &$P length. o.6J5 c;m. ·over·· 

iW)ge of p:reeeuree fram 10 to 2 •• Us• ot thetiS. an ·in .sco4 agreement '11. tb the theore·ll1oe 

-value oelculatect with tl".e httlp ot aea•u.~enw ot djp au4 /3/P. tor .. o•&m ~~ . ' 

( ) 
.\ . 9 

the work ot Hameon sad Gebslle 1953 end talcing ·the value of um ~ -_ 3 · S' 'f.. 1 D P 

obt~ · :frGca aobtli t7 muauremente ot Nielflea CL'riil BradburJ (193?) and the re1rit101\ 

tor· the a.o. mcb:I.U.\v, WS't the valv.e ot Sf. stwn by 

- l 
-T e 

E
2. 
p 

Jl.., 
' l'\'l 

J."' + w% 
'l'Y\ 

... wh&re 

[ p ex p ( J. w t ) 1& th@ applied field· ( high trequency -) and J ~ le the ool.U.aioa 

Jite~Oifn ill p~~m~ of illagl'lt!'litC ftel4. 
- -

:ar~akdown ot a high trequencJ disOharae in a gw; ~ presence of magnetic i'iekt 
• < " ~ 

h8& .:_:~een s tu.Ued pl"eviOWJi,y by .eeme workers• Townaend and Gill ( 1937) ocloUlated 
>I • ,j 

em:I.Wioa ISrld eboWed tba~ 'tllfJ mobility ot tllfl eleetrou u· the d:irect1on o:t 
~ ' . " 

' " ' l j • ':. 

-_ + 

-e.H/mc 
ami • 8' is the time letwntti:l euaoem,tlve c()lli.1ono. The 4Uftat1<?n c:t6et:ticient D te 

_ :re~wect in a direction porp~Jd1c~ to 1he •sueUc field h the r6tio 

D •. 1. 

·o.,(1·6o ). 

~ these oone!lderatiomtj tl'leY obae:t"'tffd ~t if the · electric 884 magnet:to · fielda 
' . ,, . . ' 

are parallel, the diffusion perpendicular to the field ia ::eduoed ·end heme ·a 



•t 9J •• 

b\ller ·breakdown fle14 i8 M008Bal7• lf the ft~J.de L""e J*rpendic~rt not onlJ . . 
' ' . ~ 

t\le breakdowa voltage is .nduaed but :tor certait1 value ot the asp11o f1e14 

and the: ~ppl1e4 .~quenoy rt~onanae will ocow wbeu 

~··< I· 6 l ). 

'!My o8n'led out ezperim~nt• 1n air .tor two frt«aueDCies namelJ ~ Jlo/ eec aDs 

;so Mc/eec. and the~ ot ,.Pree&ure 'Y'l1l:'¥~ iran a .(ew ''¥\:mJi&. to 24 am. ot Bs• 

A decreOse of tbe •tart1»8 potential woo nc>ted to:r: valuear of preee"U:l"'. lese tban the · 

ail'litnula W1 thout field. and ~noMa&~ of stw;'ting potential fer val~e · ot preafl'f.l.l'e . . . 

' gnater than that at which the breakdown voltaGe. beoa:aes lllinim"ill when the m~etio 
., 

t1el4 1e applied. 'l'be values ot tbe magnetic .field were so ohoaen the.'i the J:eeonuoe 

ccmd:L t.ton wws aat1efied. -~ work haG_ ttJ.I'ther 'been ex·teftded by Brown ( 1940) to 

tJle cue of bldrogen who obtained ~l.most eimilar · n~ulte. · 

Lex, All1s rum 13-own ,{ 1950) oamed o:ut experimentson th.e bre~own volt~ 
' ,ot a. gas ·.exoi ted by a microwave field in p:reaence ot a. umu.weree aa.snetic t1eld. 

The.~ uved "as bel1ta contninU1g a· small adlninure ot !fs. vapour .am ·the~: :· · 

obtained bl'eakdoa cm-vea tor dittemt.val.uec of p:ree ..... The br.e&kdowa volt~ 
-~ . 

. ··beoan~. a m1mmta tor a ~ttc f1el4 (1125 gauss} ~or Q1 valueo of the p~sew.--., 
' : "10 • ; 

r •, 

-~t1;1 and. Veroraeot. (195) pel'foxmed e•r~to in air fo~ f~qt.~ncloe )'easiDB 
~ ' ' ' ' • . ' . ) ' ' ' I • ' .· ! ·~1\' ' ' . 

from 10 •laec ·to 30 Jlo/eec. in air, the ma~Uo :field ~ing ~ 0 to 600 ii:6USS• 

They wed cyl1ttd'r1cal electt!Cdes aitd observed a lower~ of' bre$down potenti&i 

. "'·· 



litt~ ~rk has b&eD done in Which· tb.e magnetic field .ts fa:" > j:~ trc• the·~. 

· res~e valueh ~ .. and.. Ghosh ( 19tiJ) ,atudie4: :the breakdown :in e.tr ··am rat~&en 
., .- ;-~·. ' 

- . . . . 
. f«tt microns He· to 500 ldc:roo Hs• ~1 cibtaimd a fara1}3 ot CUl'fte 'to~ d:ttf~J\t 

' . 

steady meaoetic :fie:Uh~ whose value lies wttb1n 100 gause. It waa o~eened 'tbat 
·, • .': (I ~ ' •' . . ' . . 

·'each curve tor a eteady oroontlll&SQetio £1el4 has "'" a 1Un1J:aun bt<eakdown voltaae. 

·a.t. a certain prea~ure whtch. ch1tte to. hisher pre-sure as the ·~tic :field :to 
_. • • .. • • l· ' ~ ' ~ 

·i!iO~Siled.. ·All iDorease df breakdown voltasa WM nleo oba~rved on the app11on.tton.· 

ot ~OUYS:ree masnetio field Within the re,ge. ~t prees~ for wbicb the -~~eat• 
. ' 

w~~ . ta~ten. lollowing the theorj' _of X1bnra. { 1952) 'Lor b~akaown of. saee• by 

·· radiotrequency. field ana equivalent pr~asure concept lzltmdueed br :~le'rin and . 

. ·. llaydo~ · ( 1950 with the variatiOn ot smbtlity ~ cU.tt;'ueion ooetfio1ent in a . 
, ', •, 1 , \ ' •, · , ' , 

~ developed ·to ezplai~ th~ir exj)envoentQl reeults •. It· WP...S obaeJived that. b 
~ . . . ' 

th~~~tica.i reeul:te 1:\l'e ~ talrq good agreaent .~i'tb ~·r1Jletttal reeulte. 
. . ~ . ' ' 

' . 'rhe. ·d:I.GJ(lrepa.noy was; attributed to uncertainit1eelu the · YalU!!e of Molecular , · 
~ ' ' ' ' " ' 

' ' ' 

>:., c.onetenin int~duaed ~Y ,Kihara ill hie the0%1•. '!hey ale c.one1derec1 ;the effect. 
' ' '. • ' . ... J ' • 

ot\~ttach!Mnt lose to the breakdo\'IJl co-ition Md obtained t.~e faoa:tticatt~n 1ft 
,' . . ' . . ' . . . ' ~ . 

b -

Eo. -· .- ( EoQ) 6 · .. + LW(I-b) 
hl-<. 

' "' ; 

[ J u". (~ . -
l 

v· L 

· [ cl. / P - (3/ P J· •lf, · 
. djp ' • 

,, 

7' ' '• 

I' 

·,' 
., .. .;/•\ . 

· ••• ( \. 6 2 ). 

Where 

'. 
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La ltiqtb o:t the S&Pt W • appUtMi frequency •. 

E0 -. bi-eakdowrs_ voltaP. _"1 tbout COD~Jldel"ation. ot attaal'Jient. 

~ ... breakdO'I'IIl_ voltage w! th. co!)Stde:ration ot attachrilea1l• 
' ,. ' .':· . ' . ~ : :- ~ 

~• 111\'f mod1fic~t1o1l with the eollride:rats.on of attaobment loas rab.Oifed a btt'hl' . ... . :; . . ' ,. 

aareenteut between 'th~ore'tioat BAd eXP!!J:rimen.t:;4 breakdown vol~age •. 
' " . \ ' 

~and ·Re.,y4on (1965) atudiett·'tb.e ~reakdown 1ontaau.on 11\ mc1ecul.U' 
. ' ' 

nttropn w e•tabliah whether the iQtlU~mCe ot a 'traruwerse mO.&uUo field 1~ 
. ,. . . . '/ 

eq,U1val.~~i to an 1mrenae 'n the gas prealhl't'e tram·" p " to Pe -= P ~ 1 + w...__j -t}-) :~-
, ' ' . . 

wbe:re '' w n ia· electron cyclotron t;requebcyt and J a ooutant, which ie tht 
. ' ' ' ' 

etteettve eleotroa mo~ coUiaioa trequ.nc.y •. \fllen_ ·Ute nl.ue ot· F/ Pe 11M 
··, ' ' . 

witbui 'tbe ~ lSD (E/Pe < 2S"OVc.m'Gn--Y1t · -J llM a oout$:lt value equal· 

to e~:S x 109 p s ~ c-' but when. E / ~ ( 1 :;-- o ) J / p aust 4ecnue Wlt~ decl:\t~~ 
·. . . . . . . e " . . . 

'BIP..' :fQr.,•atie:tactor.v ~ment w htmaintataea. -~ · poaa1b111ts o1' enelld~ 
. e . . t. • . • : -.· -· . 1\t. _ _. .. :•:- . : . . . ~ . , 

the. concept to 80Qount :tor the cha!ase• 111· •eoondaey ionlaBtio:n IU:Idthe breakdfJWll 
' ' . : . ' . ' . - ' 

potential tn mtroaen o.t'e sleo ~U.ecu:Jaed*' .. -~tueri.Dg the {lif'feren't ooilplex. 
. - .. 

•t 1;uattons ot pre•bret.\kdewn 1ol'd.eation at d.ttterent r~'e ot B/ e · ·, 'they ·' 
.. < : ' . . . . ···. . .·e. . . :. 

ooeened tl~t ihe o<*plez situation in not :reetncted to·l'd.U<taen eo that •• 
. • ' ' ' I ... ' - ' . . 

. . . . . ' ' 

approach to ttwt probla ot breakdown 1a tem.s of' Wl equiv~nt 1r.ao:rease in gu . . . 

. . 
pre•~ concept ia vali« within a ~1111t range o:t E/ ~ 1'alue. 



.... 96 ,_ 

1.· · Adhr," P. (1949) 1. Apple Ph.P• · 
*''· 

· ~. · · AUeia,J~E. MCJ · ao .... ,P.o. ( 1954) Proc. Hw•· aoo. 
'• · · . .mej., .t~EeJlb14t B.x..r. aad Bt,aolda~~· (1956) tbU 

!! 
!fl 
1110 
.~ 

4. A~llt'.f•!• aDd Paulikuttl•A• (1960) Pi\\'•• fleTe tetteft. 3 409 

5·· A3.1ie;W.P •. (1956) ltaasbuoh 4er PtJ.Jdlc •. &14e1berst ~r ~o1.21 

6e . • • , • I ll$abaa,S.Je mt4. Je:tW;A,. (196S) M.t.t •. Pre• 
O..b~14$1, Maes.. · 

Aactenon,t •. ».a SprJ.Daer,n.w. a!i4 Warier1i.-.:s.o. (1963 ); · · 
"Bo'eio6..C~cal ~auc·• ot P~" ttl Prooeedinga ot the 

. 5th &m:d.al a. ~c• s,yapal,., forth Weetea tbiYeraitN ·. · · P.re••• !faMtoa Ilt. 

Appleiollt~V. ead lloobariwall•tD..:B, (19,5) Proc• fbi•• Boo• . 
(Ioadoa) · · · · 

10. -....----- aDd Chaplilia1BeWo (19'2 )' thtd 

., 

1a.~ "-Co11•!uto111U. tAnae11a1A.De a:t *'t41Uuco11s. (1960) 

! . .· 153, 1~2 

1074' 1 

146 

lluoYo C!meato · 18 1116 ... 
. ' 

· 13• Aye:ret!,L..B. (19RJ) PblU~ lha•. 45 JS' 
·>' -

14. ~D· aact Dm-teeu, c.o. (1?44) ~~Soc. Bt1118in ae Phi••, ~ g 

15.11 · -~.:r.m~ aaa:· ~aoa,s.o~ .. (1965) bti• J• Ph,~.. . · . . ;' 18 
.. 

16,.; . Wler1R.A. aDd iiaelAIU.,x.o •. · (19,5) Proo.-·Roy._ ~8h.Aca4~-, 

17• Ddl.e7tY•A• (1930) BdJ.. -liaS• 

-m " 
I ·--~ 

.. a;. '>-213 
. .., 

19• •••• D. (1950) ll\ve• ReT. 11 .. 71e 
!:Ia , 

· 20-• . _..t,lla Delc~lx11.~ and Dell1eee1 J._., •. (1954) .i.,l'l\Ye.F.acJ:t.\Jl. l! 195 

........ (1954) !bid, 

( 195$) lblcl 

; ' 

* AlebarldroY, A~P. ~ YalMl'lkot.!•N• (196S)·Bt&b. ~.(u.s.A.)· 
' . . ' ; ' ' ~ ~· . ~ 

16 '174 
~ 

321· 



25• .. lalbaaoft•A•E•• larpt.tr.bt.U1V.t., ~ •. A.B. rm4 Pllt\.IIWI10b 
. _(196t ) suo~eo:t lvld.on 1962 SQpl\t!atnt · (Galab\D'S cont. ) _Part r, 

121~ 

24~· .··:e.u~li (1"$). Z.lJb.Y•• 

. as.·.·;~:~~,oo (1930) Ann. lbY•Ik · 

26 .. ~- (1934");~~-' 0 

. ·: a?~::· a.Jr.et~.o.-, Q)eooU.,J.v.· aac1· Uooper,&:a.(t962) a. .. nd'. · 
· · ··.·. ·btteM . . . . . ' 0 • 

' ~ . 
. • , ~ ! ' h I 

'';.' 28. ' ··"·'· •. a...r,» •• all l'M:dttDtlt• (1960), J.Opt. Soo.la. 
• • .. : ·~), • ; • ' • 1 ,; "' . • ~ ~ ... " 

:. ·"' ~ •.. : PAr8W'illtS• ' ' 14 (1963) J.sot. b-at (o.:a.) 

3.0.'_ · -=-tetiat:£.& and !llb~u,x.B.· h959) ~·· .n.,d«• 

. ~ ,'. ,,. · .. Dertottt1~ · (t961) fbafl• ott ·nuJAa · 
,., -' ' . 

rz 
6 • 

I! 

2'. 
lj '•' 

22 
& 

2 • 

• 32~:. !toker~outn.J. ell4 V~n Eng.i1A. ·(1956) ~. ~a.b,(~oa)!a · 

· ,;. :. W.11111ge,:&.H. (195t ). S.Ot. '&Ja• . 2(2) 
'· ' : -• 

.. ''ci ".·~·flu\. AD~! aa,aoa,s.o. '(1-e a) AUR.a.~ •• 
f ,. ' 

Zi 
11 -· 'J6 •. /: (1959 'b)·~; ·-·· 

:. 31•: .. ·bo.k'M:rtO. (19$1) .b. St4 •.. J. ilea. Wah. 0 

W-' 
G-

. )~_· _lbeaohottn,r. (1964) ~ ii\Y•1:1 ~ce1e~ h~lear 
. ·.;.·.'Jita •. (Go:S.), . : 0 • • • • - • • 

. . 
.. J9. :· :,~ • . · . ·- Scbri»*etF• (J9f1 ); !roo. Cont. ~ ~ ~.& 

· · · . ·aonttoUect blear Polt!oa ~e. J.A.E•A• Sal=burBt Au.etria 

• 40~·- .~.J?~~·-,E.LS. aDa ... ae:r,R.s.w. (1949) ~0 o~ter­
. - letic ot !1~tnca1 D1fl0ha1"St in Haptic. tielcl•· e4. J9 . · 

Gu.tb'rto,A. and W&kf.llrl.Ug1E.K.(IIo Gralr mn lbo1c eo. ~p Yoi-k) 

· · •'·· ·Jbu,u.·· (~gtJ) ihi1. lias~ 
42o 1.b1tL ~ ~leo, ~:.' (1965) l'cilaoertoa .~ ~e.lob.Btpt.. 

·~402 ' . . / 

• 

355 

.1001 

J6 

' a12 

'a-50 

'112 

·' 

't'IOO' 

18 

,.0 
m 

19 

43o· loMftl•J•i'•• Jli:Uf~·tl•. an4 ~~q. .('1961) ~···.it~·~"'" ! · 665 

«•· ..... , ,a4<G~9>iftjfl~ .('1961) ~· aoat. on 1'~ ~~,. Old 
COD•Ue d Nuclear "-1on Be•• 



\., 

. -i g8 .~ '. 

46. .C: " . (1954) li!loket ExPloration ot the uppe~ A'tmoaphen 
- ~~oaJ : P•!'BEQ?ll), }t,. 3,6. · ·· _ · 

47~ ;~~· ..... ~ .. : 3.114 Wwt4~t B.D •. (t9S9) Proo. Roy •. · SOQ. , (ltlalon) Aaz2 . 53 

~-~ .!radbu:7tlf•:~.: 8: Nio~~~ -(19:56) fb.ys. Rev,!' . 1J 368 

'• 
'' 

~tatter, J .J. ( 196') AJl IntNuuct:lon to Waves•- Rave end 
Dadi&ti~n. ~- Pl~. ~d.ta, Me G~. Bill :Book. Co~ .. lfew ~or~. 

:Bl'o4e,R.~~.'~ •~·t .r,.J. (19E) ~1nar iri. DJ.eomrge ~ 
Gaaee1 Ct4lfora1at Sr.Lns~ · · . · ·-

' ' 

,,~ aro.,s.o~· (1956) HandbuOh 4er lbfe~, lliedelberch Springer 

"· 51. 

59'1! 

60. 

'61. 
G~. 

dj. 

64~ 

.VQle•22 · · . ,:;. ~ 

~--~.(1,9;6) Pr90•· 21¥1 ~;t. Cont. oa PeaoeM ueed ot A10mie· 
Eller§. tblted lfatiou, Ge~. . . - ' a 
1 • __ ;. (1959_) ~c_ data Of~ Phild.ca,Technolo&Y pre• 
,x.x.f:. ~- ~ WiJ.eT• ·~ .Y~. ·. I . • • • - · 

--·-·----~ ~ Do~ldtA•l)• ..,{1949_) !bye.• ·Rev. 

--·-· ... -· -·--. . ·~ ···-· (1949) lb¥' . 

8 
Ill 

D 
76 .. 

100 -
. ~d9tl•G•- ( 1961) ~o wave.• ~ ,t~ .,Iom~here,• Univerelty _ Fe••• Oaa~14aa. . . · · 

l3urch~n.s. ~ oe\)aut, ,.., (1957) ~.;· Rev. ·\ . -; · 
' . ~ ,. 

l!ur~r#~;P end ~~ei,R < ( 1966) luoVo C!meato :·· 

39erk,~~- (1964) ~~~- o:t nuicle 

Che~e.zit~~ and eoW~t· ~.G. (f958) the_ Matheaatteal !t'beoij 
ot DDa-tmifora ~· (0SDbr1dge thd.v. Prees, Engletltl) 2nd e«~. 
_pp 3:5~~~,6._. . / ' . '. ' .. . ' ' ' . . ' 0 ' •• : • ' 

106 -== 
1£! 
z 

174 

411 

1634 

196 

1~ 

'itla .. 

257 

6'• CheDOtt M• (1948) -~ ~e.•,i Pari~. ~ 271 

6G~ Childe_, 13.a. {19,2) rul. MaS• 3.1 tm 
61~ Clap1,. I!• and !alird.t N. (196?) J •. Appl. ~e~ (U •3·A~) a 3171 



-· 99 •• 
;· 
'• 

69~ r.olgaw,s.,1!u~1J. ·aDd lurth,H. (1956). Proc. anA u.w.eont.-
:ion Peaceful ll'eeis of AtomiO b'-'&Y {Ge~Jeva) U 1291140 

· · ?O.· OoopeJtil~ (1963) Platma ~·· (J. 11131ec Energ 0 ) 1 285 

11• eoOper,R (1947) J. Iut Elect. h"ngna. U(t11) J15 

ti 
13~ · Ooetn,n~ (1939) I. Pbl•• ~ · ,,, 

\ 

1 

~4.· ' , 1 (.1940) ib14 , 0 

'' ; ,• '. • • '' • 
0 .ui ' I ' sos: 

75• ·.~ .• ·,.n•: al¥1 Jotte,~. (1947) Nature, to.son · · : - :· . I .: 369 

76e,.. . . ' .·~~~kt ·i.~ (~948) hoc.• ~." .·: . : ·, ', , . , , ;j2, , r, ~Zf. 

17 •· ·. Or$Va~~A~M. '(1·935)-·. Rev. :. . ·#·fL. .· ~ ·~ 
. ~·~: .. :eroapw~,:a.w, Dut~.on,J. ·:~ ~eton,s.o •. (1955) Ba~.~~ Io~oD··1~'·, ··· ·1079 

?9.• and· Elfol'd,M~ '~• ( 1957) i • Scten~. IU~nt. '. ·' · · · M ·: · · ' ' '405 • 
... , . •}' I' ·, ' ' ; • 

so~ .... , . . . (1gs,) Proo~· 6th liriL co.,. 'on.· 
' lcl'l1-.t1oa ·llleniseDEt 1n .lJe.sea, .~. , ,. 

81. · . (19G?) A,.te J~ ~s•. '' 

!2 ,69 
C·, 

82. • ~·and 3017~~.~ .(1962)1-btd "· · :'··: ·.· .. . :. '· · ·Ji ' ' ~ 461 ~-

83• ~~Re11t o,~. ar¥i !oltke, li.· (1941) l'b7~tt :aOv .. ' ' '· · · ·· · · · :·:. iCij: ·:. ·· '511 
• ,,. ', : >•' l 

··84• 1 ·~•"·'~ (1932) Je_U. s:ret. ~. J. 
•' • f t 

'. ' ( ,,,,) ibid 
. ' .... ' 

·:· ~ ,\ . 

'1,' 

· 86. , Davle., ~We ( 195J) l?zioCh l?bJ$• Soc. 

' ~ ' . . 

·~ •, I ' 

12 .. :) ··' 
516 

. 91 

'' . i . . . . • ~ . ' . . . . ' :· ~ ' t; ' 
·.lJ6_j: 

6? •. Drwia,~K., Diltton,.J. · 81i<l. I.lelreUyA· Jo~e1F(1~) ·1~~4 
~~~. ;~on, J.; ani ob8nian, · o. (:lg~~}.~~••. ~u:1de ~ .. · · . '· ·· 

·.' . ~ ~ . . ' . l ~ ' ' ~ ~". ;:~::~ . . (< ' ~ ' ,. •: ' ~ ! • ;::. : 

sg. . . . ( 1963) 1bt4 . - . - :, 

•; ' 

' ·Z!·: .1061 

. · ... a. . .. · .. ''7 
. 6'· ... · \ =· ',94 

91.. Dellte,A.li. ( 1958) Bapt. A.,E~tt.E •. · ;::;J .():P~5 u.~.Aic=to : . · .. · '· ··. , . ' .. 
· . · -EDers:r Autbor1 V•:: · . ~ · ·. ·. · · · . · : ."· 

' . . ~ 

, • ' r 

92• lmd iie.Ver1J ·•• (1962) waturef' .. tondon• : · ·J,?A " ; 127_.!' 



' . 

93. Ditchbum1RoW• -~ ·ca~mo•1J.o. (1941.) .Rev~. Mod. ~s. 

94~ ._, tl()rge1o; ' (1,925) ~a.· ZettS •. 

95 •. , llQ!'l'fll'itieh,' 1ic~• (1942) lbysica ~. 

. 96• ~· ~tveG'tjlt~t M.;t •. and.P.enn1ng17,Fo!1I~;, (1940) Rev. Moie ~eli! 

91.•: , Du..~end~tO: and Y~:pp:tns, 0 ( 19,9) ~eo Revs 

9S.e .. DUl11ee:tltR•;!•" ,( 1957) !'U.St. iJ o P.hy'ae· , , ; 

99.e , D\'rtto:n,,T.,, P..ardont~•C• 9~ Ll.eweil3n jones, F. (1952) · 
. Proe. F~e Soc. Sec.,. A• .. 

100 • ._ · · _ . ... · · •• ~ .~~and ~deon,Po~• (1953) 
· . . , Brit •. J. •, Appl .•. ~o• .. . . :- . 

101:~ __ _ • .,;. __.,., ._; ••r (_1953) ,P:roe~. lloy. Socii! (london) 
SeQ.A •. 

. ' 

10;). FaSleYt Mo'A~ ~ Munford~JW•Wo (19!;1) i • . ,Apple l"!W0• 

104o J<lmer.,o· (1961) ave.· FlUidec 

105~· E~~~•'· { 1939) t-hy~~ Revo. 

1064! ~,c., Hob,».a:- and :te'b.ne~t0B~ ( ~960 J l?b,ye. Fl,uidrs. 
. . ' . ' 

1; 
·26··· -·2. 
12 
~ 

~ 
10 
'-

~ 

4 
-~.: 

218 
-~ 

'm 
"22 
~ 

j 

~ 

·~ 
101. Bllizarov, La I-,-~ .Zl~v;A-. viii. (1961) Proe. Conf~ en Pla~ 

~se 8nd Controlie4 lfuelear ·Fuaion Res. · 

1oS.: ~tetW•O~.,U.ttl•tE•~• sUd Qid.nn,W.E., (1953) hoQ. 2%J4 Con!~ oa 
_ , Peaeef14 ~~a of Atanic lffl~rgy,. :U.N~, (~mva} · · ~ 

109~. ·E~l.hardt1 A.G,., Fhttlpa, t .. lj)v~ am1. ask,a'":o~ (19G4)l?llya. nev~~A 

:; . ~· 

1111) '&Jg~:r~rom.n.w~ (1939) 1bl4 
~~ ,,. ., )' . 

112. ~- ; ... sad nwctora.w~s.,(1~40) ibifl 

1.14. Pabrik~tiif.., end P.okhllntG.N. (1938) C~>Ro Acad. Set. ussn. 
. ' . . 

--- ( 1938) . 1b1~ 
116 ''. 

• •aallll" 1 .....,. 
____ .. __ .. ( 19S9) J ~. t::xp. ~'heor. l;bg$., . 

~ 
~ 

-~ 

~ 

, .. 0 

1 

43:S 

$7 

' 119~l 
\ '! J 

54 

203 

170 

206 

291 

846 

127 

219 

883 

,,7 
1SQ6 

f39 

2'39 

67 
' \ '. 

; 

437 

S04 .. 

~39 



11a. Fets1H. erA Medtcus1G (1948) z. ·atlgew. !"f\Vs• 

119. F.lt!lde,n. 1 :Beka:ti,G.rmd l3rowD,s.c. (196') l:l\fo Rev. 

120 • ......:._ _ _ (1961) Proo. ( 5th Intl. cottt. ot 
Ion1.aat1on PheaomeM .in Gaeee1 Mun:i..ch. 

121. Fontaine, D~e~ a1 (1967) o.H.Ace4. Sci. 

122. Fowler, ReF!. am Dut.tclldack,O. ( 1949) Pbye. Rev. 

1 • 

(19:28) Proo. Phys. &c. (london) Sec A.!lta 
. - . ~ 

124. Fri:ltY:ie1G. (1960) lQ4!1Z6tion !hl!nlOmcna. 1n Gases • .Aoa.dsio 
l'.tetJa ~ :l'hw York. 

125o F.remk1J. 1 Pob].,u.w. (1910)_ Verh.4~h. Fby~. Gee. 

126o Mcke,R. (19'3) z. ~e. 
1Z7. hiech,s. am Scbre1dev,E. ( 1949) z..,. Almd. ._, uss:a 

end :ntelpa,A.V., (1962) l'bya. ifley. 
/ 

- - . (1964)-' ' ibid ' ...... ~ '· 

1,0. Gabo;-,D.E.. e't al (1955) Na.tu..-re 1(IDndon) 

131. Geballe; H. (1-944) ~s. Rev. 

12 -
$0 .. 
~-

m-
~A 

116 ... 
66 .. 
a::a 

.,. 

19 

506 

1~0 

81 

229 

291,613 

464 

465 

1621 

15,8 

916 

316 

132. Gerardot J.B. and Ver4eyeu,J.T •. (1964) Proc. ~t. Eleotron-..c 
EtJgrc. ~u.s.A.} ~ 690 

1:53. Gierke, G.V. a:M Wohlev, xlln. (1961) P~~.,cOm-. on Plaema 
J?bys. ond Con-:;r011ed rfualear ~ion ·riee. I.AoE.A• Sslsuburg, 
Au.tria. -

134· Gtll,B.w<>n.· en;1 Donnldson,:a.n. (19}1) l?bil. Mag. 12 -
,,s~ and J?iddtckt B.,Po ( 19ci.:1) ibid 1:2 

CQ 

' 
136 ..... _ and Von Ensel,A~ ( 1948) :Proo. Roy. 

e.' 
i::IOC• A~ 

1~1.- ·- ... (1949) 1b1d 

138. Gillardtni~A· ( 19S9) m.tow Oimei.nto. (~ 
~Up pl. Sec .. 10 •. 

139· GitheM,s. ( 1940) Phye. liev. 

140. Glo.aetone,s. end Imberg,H.H. ,(196Q) Controlled 'lhemonuclea.r 
HeactiOM. Van No~ttx>and.CJ lTinoaton,N.J • 

141. Glovanelll,ri.G. (1948) Awt. J.,So,i •. nee •. 

JJ2 
- 13·· .. 

%t 

A1 
c 

719 

719 

446 

107 

No • 1-2 .. 

S22 

831 



.. : •. , 102 ·-

' . '.· 

14~~· Golan,,· v,l!;~ ·:ugt;o) iJoT.t.~~-· :Eht•~ Tech'~ ~·· (u.e.A.) 1 &31 

143.~ Oo~t;:E•' • Xri.Lvoablev, M. v. au« 1~, X•D. (1966) tb1d lJ. ~c. G 

144.'' Gol.OT1tt,:t.lf. (1959) At«aio EMf!V i:Mti'tlllt -~,,.. e,USSR· 
· Acad03' o:t: :ilc1encea, UOeeow~ Blprirlted 1ft ~. :mat. El!ot. 

:, ~s.ft•~ .SUppl• lfth 2 , . . · , . . · · 106. • .g; . ,: .. .. . . . -.: 
- - . 

1'45~· ·~ • l~. D.P. t lanlWtY•»•t Ptt~,l).P.,:~.LA. 
ao1 YeuUIIIlf;.vtlf•A• (1958) Prac. 2nd U.N.· Oout.· on ~tlee:t\11 

· , •~~~ ot AtOEido. h-rsr-(Ceae'nl) , · , . , . 

146··· ~ald.l, l'~L..· {.1966) lladio EMra El.ccmn1 .~~~~. 
Ji. ?2 ,,, 309 -' ' 

147• Gteen,H,S. mld :Le:tpJd.k;R•.:S• (1965) I.J.E~. 'Gcl.{G.».) 
. ' ,, ' . 

j ' )~91 
~48~· ~1m~,m. _. < '93'; z. · ~ldk ·. · S1 .. 543 

149~ Gi'iem,H. · (1964) .P1~ Spectrosoopy,!ii · Graw Hill 3;)Qk Co. 
· . S.w Yw:tc. , . , -

; . 

_. 1.,0• Gn&orovtot,N. (19'9) ; •. HJye. 

· 151• «km.thel' Sobul.M,A.e t .'9artW•t· Winter,A. (1938} Zel'h.V'mik. 11t ,'~9 
- ..... 

152. Gupta,n.:n. e.nc1 M'andal,~.r:. (1967 )- Wian J. _Itt.Y•• -·- .. '· 41 251 
&a' 

153. G~ton0s. &#\ .H. ( 1928 ), Oanw •. Rell4ue.- .J!j. ,0, 
1S4ili ·ltal~t D~lii·~,(~~S) ~·· P.eY •. , : ' 1£ 241 

. . 
':"· ' . 

155. ... ... ,' :' ( 1919) :S.bt4 ·~- . 615. 

156• ' . ··, ( .t"9> ibiq ' \ 2i . 1199 

157·-·- ... (1946) ib14 . .. 11. 1046 

159~ aau~D.x~n'. (1955) ~· lb1e~ ~. 
" . \ ~ ' 

BOB. 334 ·-··· 
s "' 
ll '· 1<>,69 .. 

:161. :~.:a. a• .(1963) Bn'. :ao1 •. :tater. a· 416 

162~ ~8Qn1, :M~A. end Gebal:l~;ll. '(19") Pbye• Re•· 
'• • • I ., 21 . ·1 

163. fitnt~am~~ {1948) 1Mcl .n ,1, 
,• . 



•$ 103 .... 

164. ~on, s.o<~ (1961) P.roc. 5th CoDf• on lozalmt!on l'ilenoaena :an 
CJ&Qee, ~· · 

165. i~W.,~A~ (1956) U.$,.Atomio 'f8'1:i!¥ C0%!1d.sa1on Ueport TID-7520~ 1 002 

166. ~ .. (1959) ~~eat Ma.ttemom !fee~ }~emoo 781 ~eton Um:"o 
~eton9 NoJe 

167. ( 1960) Project riattemom T~Q& tf.emo. · 109; Prince ton Uci'f'o 
~imeto!!, N()J e 

166. Mfi ~,o.~" (1965) ~ D~stice with~~. 
lolm Wiley & So:oo. ~·· New Yot'k. _ · 

169. ne~. n.n~ ( 19'a l lltd.l" ~! !i $MO 

170. -. ODd Ueedp l!\,W. (1941) 'lb.e behaviour o£ alow tlectrons 
U.i · Gesee. ~Y• . 

171". 89U1wen, R.A(> 1 ~&J.s •• Pop~,.,r.n. aw1 .ans.th1 n~:t. (1956) 
J •Geopbylll. Rei\Jfleroh 61 -1"12• m1 ltcre;an1 MeG~ (1959) Prog* Ir~tioB• £ 

173• Ht:rl1njMoA• ~d BroW~a,s.o. (19.48) aVo• Revo lt 
174o lle:rsher 1A. V. ( 1936) tb14 ~ 
175 •. lUclasan,w.M"'. and.lio=•Xi.E. (1954) Se~th annual Cont •. on Gaseous 

electromoli, New Yo*• '():)t. 14""'16. Pnpet> A•1• 

:t76• lbbbs1G.D.f Mew~r~R.W•P•t Gr-1ftin1\V.G .. and Jonee,T.J.L.(19f$1) 
IPni~~~n PhenOftlfef.a 11\ Gsae.s. Muxnoh1 Vol. 2.. · \ 

177. !lodges, c. (194$) ~e. ~. 

·17a, Roh,!'.c. (1960) Arki11'. fratk. 

.119. . ( 1~2) IiW•• Fluids. 

,ao. and Lrttmer4,:a. (196o) :tb14 

181. _ , i , , (1961) ~o~ Revo letters. 

182. !ltllat,G, and Ooate;.ohell'ietE• (1923 )o lbile· Mas• 

1a:;. Dollstein1T. ( 1946) ~s. lr.ev~ 

184•" Hombeek.;d'•A. and Mo~1J.P. (1951) ibM 

1S5. liw~etone, :e.HG e.mt ~onard,s.L. (1965) neema D1agnoet1c 
~flcbzl1q\l.'}a, Academic ~u, N• Yom, 

:4 
Jm 
·~ 

I 
:t 
~ 

·ZB 
-~ 

- 1S9 

too 

291 

231 

'"i6 

43, 

22 

'600 

15 

111S, 

,67 

6.21 

186. Hu.rat1G.s. Stooltdole,.r.Ao ant1 ,o• Kel:cy.~s.». (196:5) .r_.Chem.-1.1.\v"-~~~~ 2§12. 



tS?~ !uet~ u.:e. (1906) Fbil.~t toog" 

1&3. i~o~~ w.s. (19:19.) ~s. Rev. 

189·. Huxley, ·X,.G.fl.," (19,7) 1-bllo Ifag. 

190. (1940} ibid 

191. (1959) Aust. J. ~8· 

192. (1960) ibid 

193. _., , am. ()I"'O)pton, R.w. (1962) In atomic rm.d Molecular 
prooeae. (F.d. Bates, D(lllo) Acader:Ji.o lh't!!B8t lim York .. 

11 5:55 -~ ?54 

a 210 

30 - S96 

12 171 
Clll 

J: 71S 

194o _ and Zaegon, ( 1949) P:roo. l'iof• Soc. J2i 402 
I 

195• Iobteclmlm, .. . (~962} !J.beaia.CbO'inta .de~ So1enees, 
l.bivers1 ty "• ~. 

196. lDIJDit Ho and '2ek~,x. (1963 l !nlltitute of !?lwlma Plw•• 
Boport 'IPW•10. rtaaoya Ullve:oo11;y, Japan. 

191. l'm!?a,A. aa.t ~tgS.r," s~~. (19,7) l:bil. *s~ U asa 
198. ~-u~V~ lmi fl4hul,o. (1935} J~> ~·· 1~ai1ua. i 35 

. . . 
199. lonpv, end Tcmlegode, , (1964) Sovte1" Pbye. '!\1cb.lbya. 

~~~~ 2 
' : -. 

200. Jacoba; H. and !A rJOeque, A.P. (1947) J. Appl. ~e 

201.. ---
202. J.,rr.f:1. (1961) Ionleat1on l'heno. G&ee&at Altmicb. Vol•1. 

203. Jancelpfi• f\ttd l'.ahtm,'r. (1954.) Nmve 01mento. 

204_. Jfll'lCke, a.o. (1936) z.Pl\fe. 

205. J&r.van, A. ,aarm~tt,w.n.(,Tr.) 1 antt Ue~1;t, v,n. (1961) 
J.'b10• r~v. Iat·tere. -

a06: Jolln80ni1'1.B. em Jerde, DoA. (1962) lbei~ &Jt. nea. lob. 
P.eport D-1.S2..0127 (Uopubl11!1»4 ). 

207. - r I (1962) JuU. Am. PhJEJca Soc. 
.; . . ' 

200. Jobr.won, {1967) -$·-of Fl:uido. 

209. J;O)mson.w.::a. (1967) x.n.:s.:e. Tr·e.na. Aatanr.~a Propaeet1on. 

110• Jor::tt B.~ {1965) Auet• J. l:-twe .. 

12 -

l 
10 ,. 

AP1.J 
· 1S -

199 

163 

573 

169 

106. 



... 105. ·-.. 

. 212.\ Ken~;o., ~1~;) Pbyeo .R~T~ 

. 213. Khoeh&lel.ev; t(.B. ·tmit Yar".aiJ_Z,.:P• (1966} W..gh Temp. 

214o nlul!ra,t. (1952} Rev. Mod. Ph.;Yih 
. "; .-, .. : 

. 215. n~d.ftt~~ .(196,). t;eys .. nut®" 

216. Knol1 J(•S• ' ( 19S1) lblll1p• rtesearob Report. 

. 217 o. Koge,l) T.. ( 1960) Pb,)"s• ot .Fl.utt!o. 

218. -· I I 1 ( 1961 ) 1b1d 

(u.s.A .. ) 

219. Komlaillimv1 D~P· · ( 1~) lllaema D!agnorttioau\EO-tr 651St 
u.s~ At..omo b'nei'gv Commieai<ua, W~:!!· 

. . . .. 

220. Kovoni.ck; A,F. (1910) Pbye. Rev;~ . 
. . ' ' . 

221~ K:tuitbofto A.A" and Penning, F.M. (19:r7) ~aiea • 

. : 222. ' . . (1935.) ibill " 
1llll , ......... 

. . ·~ .. 

. . 2~· Kulkar4tt B.D. (1944) Cwr~mt •. Sol. 
~ '1 ' 

~24. ~r,$• (1961) !?roc. $tb. lntl. Confo lont.Mtion ~roam. 
1li Ga$Jf)D~ fihmioh. . ? • . ·' ' , 

·2a~. . ~ (1962) ~. Iws. 
'· ~ .... 

226 •. ~~ I~ (1923) Gen. Elect •. lllev. 
• r-. L c , . . :; 

.. 

229e ........ "!'"" __ -~192' ~ So:Leme. 

231. ~~~ •• Au!., W.P. ~ :arown,s.o. (1950) J. Appl-. J?iVe• 

·2,a.t.nJtmert-~~ !1956) PJ.>oo.' ~ 'u.,N, ,Corrt. on Pe&e~tul ~e• ~t 
· · ·Atomto E'mr&Vt Ge.-vo.• · · 

2;,3·. ~.. •. · (1961) Proo. Cor.\f.' on 'high ~. :ti!!lib~~M.I.'l• Czbr;i.dp 
M!leeae~aetao · 

2:54. ::r.engyel;t~4· (1962) I~ra, J. Wil~ & fJOnat !lew '!fork. · 

£i 
i 

24 =--
6 sa 

6 .. 
2 • 
~ 

t 
26 ·-

l2! 
56 
&lilt 

·.az 

091 

. 576 

43 

,,0 
. 2138 

580 

1162 

395 

· . .., 
:751 

349 

.'1297 

.~5 .•. r.v.t .. 111!~~~ :and ~urin, . ' (1961) &wiet. 1'1\YeQ ~eoh. ~"• 6 ;H; .. ., 



-· 106 ·-

236. I4a41tt7,B.C., and Monab9 :t.n. (1961) P:mc. !)th Intl. Cont. 
on Ionization Phenomena in. Oases, Jfunicb. 

'ZYi• 1.tieitaa01GeDl'l4 "'tter, Ue (19ti1) Ze lfaturtc;i'IIJOhfl 

2'3a. tittle, P.r. (1956) Ilandi:nJ.Oh der Pbir.:Lk, Hetdelbers1 Sprinpr. 
Vol•21. 

239· Uttwe~D Joaesr~ F. (1951) P:roc. Pbyfh Scm. (london) 

240o and Gal.1owBy t w. mQI ( 1938) lbf.d 

241. 6lld Handeraon,JoPe (1939) l?hil• Mag. 

242• and Morgant o.n ... (1951:) .Proo. Phye•. soC:. (Lon4o~) 

243. and ~r,A.B. ( 1950} Natttre (~&ton} · 

244• -am W:LlUe.ma,G.C<> (1953 ). l'roco Pb¥89 SoC. (I.on<l.cn) 
I I, ~ ) ~ 

245. toeb,L.:a. ( 1921 ) ~· nev. 
246. (1921) Prooo lmt. Acado SCi. · ' ' • . , , . 

247e (1923) ib1d. · ·' · · ; 

246., (1924) J.llral'Jklino. X.,StG ·· 

249. _ (1947) Ptzd~ntat ~~s ·o.Z Electric~ discharge 
~ 1n Gases, J.Wil.ey & Sou, lew Yom. 

250. ·lob:tt, J. and !ather, ~~~ ( 195~) z.Physik 

31. lovberg,. !{.-~ ( 1959) Am. of Pbye. 
. . 

EfJ 
1fl 
28 . 

. C&'l 

:,$4 ',. 
·c:= ·.' ·. 

' :16$ 
·.~· 

l'*i6 -;tl 
1 
9 .. 

rl22 

;w 
·a 

Ill 

· 252. · (1963) Proc. 6m Intl. Conf ~ on Ionization Phenome~ 
1D Guee.t !brieo 

253• · ( '1965) .Re:t. (181 ) Che 3• 

· 254. l()ue,J.J.· (1962) Auet. Jo i2bJs• 

255o __ ( 196,) ibid. 

· 256· Iist.n. ; ( 1960) PrOc. · Intl" Sl.Diner. Oo'urae ·in Plaana J?eya. ' 
. $de by ~andel,C.P. (P.P-263 ). , .. 

397,519 

W'l 

185 

,560,,14 

gcto 

. 17,,4:> 

S4 

·.·5 

,,~ 

45 

,,.o.· 
,,.,, 
. ~ . . 

257. Mslmberg11J.n., ... ,.oarleou,R.w., ~n,o._B. and ~Dtl,rJ.E. .. 
(1953) PJ:oo. 6th Intl. ·aonr. on Iontmtion ~- iD GUeei 

~ PJJrte. · . .. . · , ·! 229 

258 •. ~mu,H. (1946) !bye~. Rev. 

259. -- (1948) tbld 

260. : : {1958) ibid 

.. ~ 
.:.D 

l2X 



-a. 107 ·~ 

263• flasae1 1 H.s,w. o.rxl ~Pt lloH.So (1952) liapaot·J:be-.•t 
Okr:eDt!oa l'reeDt Oxford• 

... . 
264-e ~:U.,:t~ ( 19a3) .P'€J3Se }$,. 

265, (1930) J.~Un.' IMt. 

266411 .. • •• (1931) B\1$• 1:~41 ' 

~67 ~ , , ( 1932 ) J •· P.raNe;l:f.n. Ineto 

268. 1!tlce.UtU, s.P. ana n&tmw,L. (193~) lbil. flag. 

269. ~DonteltE• w. ( 196') "Collision 111enomena, in Ionised riuee, 
J. W11ey & Sou. IM., lew York. 

2"/0e ~d!CUDt Go ( 1955) J • Apple Mw•• 
~ ' ' . 

211. Meek,J.M• 61'ld ~. JoD. (195S) l.Uectrical breakdown of · 
. bee, Ciarel3don Preae, Oxtol'd, 

2'72e fde;er;E• (1919) Ann. PlWSo zt,z. 

m·. _ (1921) tb:Ld 

27~. Meye:r:ott, t. ( 1944) !t\18. P.ev. 

275.· lbrg;m,G.:o •. (1953) Science ~gt'~aa" 
' ' 

276. A!btley,n. Gn4 Heald,M.A. (1951) Proc. SJS:p~ M.tl.Uaeter w~veah 
: . 141 (Fo~~eb.n!o .l.._t.c_o.:f._Bl"oo~n-). · 

m •. ll(oot..a&i thtfl• ontl ~uirt' ~1926) Pbys. BGVe 

2"18. 'Mcutl'!aaB, K. (1965) l'bfo. ot Flu:tclth (u.s.A.) 
' 

:rt9; Jrbtimn,J .a, ( 193~) )!'bye. ruw .. 

200. fiegats,M. ( 1966) h"lftOt. ~. Japan. (u.s.A. ) 

281. lfeic.U.t)h,1f.V. I!Uld Weever11 .oon.(1g~) l!Toc. 2Dd o.tf. Cont. on 
. Peooe:tul tl$ea of At®liC brgyt \GeDWa)-. · · 

282. !iewwn, B.R. (1948) lbls• P;ev. 
' 

283. N1e:isen, P..A. ar.d :am.dl:n-'l7,N•r~. (19'"1) tb1d 

284. · Rci&ta,K. ( 1963 ) Japen. J. · Appl. Phys. 
' 

285\11 1b~yer1 Me: ( 1933) Ann. lllystk. 

~ 715,721 

210 427' 
t:n:MI 

a- 1664 

'214 --= ''' 
~ ,29 

i! 2':J"1 

~ ''s 
7S 671 

~~4 22 =· 

2S 1r!1 -
8 . 1725 
= 
~ 605 

f36. 40 .... 
a1 ,15 

u 570 

'21 69 

li e?o 

l! 691 



286 •. Obe~t Ce t Eon,A •. 6Ad DoweontJ • ( 1962) ~8• Pluidse 
' . ' - t· ' 

' ' ' t ' 

2rY/.. and. ShUft,:t, (19~S) ibid 
' ' 

288. ~teint 
· i ' I 

. ,, ~ 

,, '• 

290•·1'alkinacn1W, (195,)J. Opt. Sao• llmer. 

291. ··~a$. a.~' {1961) l?riwte '~urd.cation. 

292~ · ana. ·l7le1 li•V• · (1962) l?hyst FlUids. 

~. lltlarce, :w,(JQ· (1§S) Confttrem:o ,lim ex-tt'eM~ high temps.; 
J.Wiley & &mil Inc •• Rsw Yom. 

' I 

294, Perming0F.M. { 1931 ) ~. KoJlr leoo ~~ Wentel.'JSob. 
~ 1 ~ 

295. , < 1931 ) I-'hil. , Msa. 

296. , , ~ ( 1~e) · Rwsica. ,&eg, i 

291~ · 't:Cd:Addink1CoQ,J, (1934) tb!d 
' 

298. Pere210n,x, BG, { 1957) ll\vo. Rev •. · 
'' " t \ .. 

299• Phelps, A• end :BroWJ!;a.o. ( 1952) tbid 
f ,. • ·( 

. lt, 

,~,:~ .""~- . 

soo •. ~ad!um~:~~:. ~ llaegilpta •. :B~ <·,~r> ·1b:r.d .. ·:. 

'o?.~:·.~,w.A~- h950) J, :Brtt. l.,.i1ol~. 
. •' 

"' ~· 

309, _ .......... and Cooper,ll. (1948) Natu,Te, Ioa\on 
tl ,. •• ••· ' i' 

309· , ·-· 6!14 J•JJ.neld.;Wo (t949) !biu 

a 1514 

6 S54 = 
a 334 

~ 1305 

11 96 
liSe! 

~ 206 

l· 1007 

'106 
·~ 

191 

86 102 
~ 

;161 
~ 

. 683 

·.~ 11? 

1 1G9 • 
I 

~ 331 

·~ j)5Q 

·za 493 

160 .184' ~· 

10 ,3, 
t:lml 

161 
l.tiJDm ' :510 

•"!!I 10.5 

i 211 



194 
~ 

' 

'12. ~~MlPS.V~G"· ~Booker; tr.G. (196,) J. GfJ¢)phre. !1eee~. 
. .. ' . 

6S 
13:1 

I ' 

S1S~ Roder., :w.n. ·Qlld armm1 s.o. (1954) ~e. Rl!v41! ·,~ 

314, ~e•es, E~ttil.- atid · J?arkineons, w.nlP { 1961) ~. 5th Xntl• OQnf• 
. on Iolldza·tiUlllhenomem in Gtutea, M'un1<lh. Vol•1. 

315. l&i!1~lmtdd91~1J· And Sp:mva;c,G. (1941-) J~ Fqa<. (USSR)o 

316. !~khlin,G$NQ ( 1939-) J. :dtrao 'assn 
. . 1, 

· 317o Ro~&:DQJ. et al· (1949) !reoholie.pt& 140o Ritls~e!l"'h le.bci o£ 
Jleotrom.oso ~.. . · . . , · . 

318. Roooler, l?Q: and· Schonb.er,!e (1~8) Z.J!leolk l~a. 

319. Itoetagn!,A. ( 1934) Z9 Pb,J2:Uta 

,20. :R~v,"~l.Do· (1964) f,\OOel"A ?~ Rese~h Methode Mf.Co~ 
6:!4S• U.So Attlmio !nel'W OommiSiODt WaehUigton. 

321. ~m1F.L.· (19(£2) ~~. · lYluicls~ 

322. Scl:aaile s Ro · (19,8) Z~ ~s. 

323• $0hm'1lOWtA•L= and fowaee1CoH• (1958) lrtzy'$• Hev. 
' ' ,, . 

324. ~hltlte~tii• (1961) ZQ Naturf81!'00he 
• : I ' ' o 

325o Scnefer9 n., ( 19:SS) zOi) · ~s. 
326. ~hottey t We ( 1924 ) :T?hyeiko B. 

~ . ' ; \ 

327. ~lmetlar,sr. . ana Milchtae:t1M. ( 19($1) ~~~~. of Fluide. 

328• SchwirzkettF• ·· ( 1966) ibid 

329~ se~,s .. N~ al;d . Glmsh.A.K. (1961 ) :t'.lld• J. l?'b32l• 

.. .- ... ·· (1962) ibid 
, ' 

~ ., . 
,,2. (1962 b) tbid 

sss~. .... · .. (1962 'o) toid _ 

334• .....,__ _ , ,.;:. ( 1963 ) C~d:bm. Jo Pey0o 

335• .... • ., ' · ( 1966) :m.tU.ano ' J • l?ul-e 8: App. ~a~ 

a 
JJ1 
112 
·~ 

168 
Cftl 

110. .... 
~· 

10 == 
i 
~ 

.·~ 

1Jf 
D 
~ 
tl ,, 

i 

?of 

391 .··';· 

ea:s 

347 . 

55 

6 

431 

1940 

912 

21 

342 

799 

2244 

101 

605 

100 

293 

'!1'09 

144S 

10 10 

--.... 



. ~'. ' ' . 

-· l10' ·- . ,., 

'"~:·:~1s.2i•· d ~ta';!~.~ •. ,(1964) llld~an J,., ~s •.. 
. •' . - . . ' . ' . 

'''~··.·' · .. i . ·-·'' . :·: -· ·· (1969 j Intu.9.1t J.:• '~ atxl. Appl •. J!!V'e•. ' .. 

,3a~- · semhuk• -~: 'C196~> l!io~•·: ·. . -
. i. .·. ·, 

339i SiJ&oD,A. ,(-1959) Pb:le• l?.eT. ; , , 

340~. :~ . , (~~,> A... :~t~ucuo~ tC,' .. ~~~< Bea (Oh. xx), ' ·· -~n P::iees·Lt4~-' _: · ,'. ·: < · · .. ,. . .... . ',, .-

J41• · ·;' · : · and' 1~oaeilbluthtM+.N• {1961) lb.ra•· Fl~da. 

'4~• •tb,:P~t~,' (1930} l?bive. · !lev• -· . :, . ; - .-. -

,.,. ~ei'V'i~a~J~Y!i! · (1gsa) rToC. tw-. F10o~ (1-tma()n) Sec._ A. _ 

'~~~ ~tm,m9?!~R .• ~oo~ol1118,D.s.! ~ ~~r,n.1~. '(19~) ~o-~ ~. 
· ~. \~a} Seo~ ·A.. . , -. __ 

. J45•: ·s·~, 'l.~. (1962). ~ 1.h'loey. at PlaS!US W!ivee• ric~ Htl1 
· Bt:Jok 'eo• NeW :York. · · · -~ . _ . · 
' . . 

:M6• -S~t ~1.9. (1953)',l?b11~- ~-~ ~. Boo~'{~)~. 

,4., •. ·~aU&t, J. \u111· ~'tit A., hsos) a. ?~Jv•• (~ranc~) 

·'I :a:: 

-_.1 

8' 

I 
II 
!! 

a 

·~ 
.,_26 ·-· . : {PbJa108 Oi loll1 .. 4 Mftd~ Cozale · !oQlo.,. 196, ). 

- . , : .~ ~ ~ . ; .• . . ; . . 1 .;. ~ ' ' . "', ... ' ' • .. 

~·-'~·~ •. ~.~~~ ~ ~,s. (1960) ~·ReT. Ie ' ' . lt"t~4'.'8· . ' ) . • ; ' . ; . . . ·.. . . 
,, . 

349• ·T~lor, ~.$. ··(i961),~e. ,.of .do~ ' ' . . . .. : : \' . . > .. 
3501\1 iboxr:OO!J.;J~~~ (1912) ~.Mag. ·.,: 

. ,,,. •, ' " '(1916·). ibie!. . '· 

· '52~: :~' . . (19!50). ibid 
. ne n - . . 

. 353•; .. : ' ' ·(19,~l !bicl? 
' . 

. '. ; 

" , 

3$4~ '~- l .... ( 193'7) ibid. 

'~-­
:_·, i 
.n 
_:~ 

.. 10 
' ... 
·ta 

.. , .. ~-

54 

, .. 1 

1566 

129, 

620· 

699 

23S 

1499 

449 
''J . 

,.,21 
I 

280 

:-f?& 
. , 1 

. ' ''· ·.~l\ltStL. . ( 1939) a,.. 1-~ .. ' ... ·.· .· ;! :3.60 

. '. ~' . 759. 

' 

' . :~~ - .. 195,. 990, 
10"10 

. ; ~ .·. ·;_ .£Y/6 

', ---~- " 557 

' ' ' . . .. . . ' ~ ) 

358• i, .. , '' - -. ~1929) ~bid 
''9• b•ell41 i'ea~ (19o2l ~1. ~~-. '· 
,60. --· . ( 190J )' ibid 6 • 

/ 



-· 111 ... 

361~ ~, a.s. (1912) ITo<:. noy. -Soc. 

362e _ , •• ( 1914). l.Ueotriet:tq in Gateee Oxford Presa. 

S6S. ( 1931) lihilo ~· 

364· ( 1936) lb14 

3GS~ (19t7) Electm~US 1n Gases, HutchinSon; loman. 

'66.- ___ and Da.lley; (1921') Pb1l. ~. 

· 367.i 88d 81U,EoW.11• (1937) 1b~d 

SGa. ana Mcoe.U\D (1928) ibid 

'69. and tics....-4, (191:5) Prcc. Roy. Soc. 

37o. · · end \'filUQile• , (195S > :~.t>u 

371 •. ~:P._,J~G,, and Vart. 4e Gr&ff, R.F,.(1947) J. Appl~~ ~fh 
'. \ 

'12. ~lZlkOY, i,.I. and Grano'Yuki111 V,.~ (1964) Soviet 'Pbye. MP. 

''a" Valed.u- 1\!tt:eeen,M. ( 1943 ) »t.alle fkio • !to~ l?bye. 

374. Valle~t G •. (19!$0) Buovo Cime:nw 

375. V~er · 'Pol•& ( 1919) Pili~ Jbs• 

376., __ {1920) ~eo18. Univorsi·ty ot .Utrecht. 

,77• V~Yt :z.t.N •. (1935) ~e •.. ~-lev. 

:S?S. ..... . - (1936) ibid 

319~ --- (19:56} ibid 

42 
IB'lC 

~ 

i 
ASa . =:;:: 

;u· 
16 
fa'~ 

18 . ... 
M 
7 
Ia 

·~ 

:< » 
380. 'VQbtleva, A..,Io &na. Gramwskiit V.t. (1940) .Radiotekhi Elektron t 

JS2. Von E~l, A. (1965) Ion.thd ~e, Olarem'iou Pl.-ee;~, Oxtont. 

39'3~ Von Gterke1 G~, !.d.s:t.tano;L"'• t.a.Uer,o., Sehl:U.:ter,n.; Ttatter,M. 
W1tl ·Wulff ,H" ( 1961 ) Proco 5th Intl. Conf<~ Iold.mtion. 1.b.enome:na 
in G8aes1 Mmtoh. · 

J64• Well1i$eht E.tJt. (191$) Amer~ Jo ~io 

39; •.• ., _ ( 1916) ~. t«asot 

V/1 

~.,, 

290 

695 

,36 

823 

m 
•• 5 ., 
11'4 

352 

463. 

159 

,2 
2QS1 •': 

63 



-· .112 .... 

386. Wel11~eh1 E.rt. (191"lll:bi1. Mas• 

3S'le ( 1911) Amere ~~ Set, 

sea. Wensl,Pe (1g;o) Ze angew. PbJe. 

389" WMrtoa.o.:a!J ( 1959) P:roo. 4th Intl. Cont. on Ionisation 
Phenomena in Gasa ( Uppeala) T~1· · 

390. ~ . . ( 1961 ) Pl.e~Jma. ~~ice. MoGrsdl Hill »Jok Co. ,New Yo~, · 
~.~2~ . 

!}91. and Ganler, AoLe~. (1959) u.s. Patent No. 2,9'71,15:5• 

· 392. , , , Post, R,F, and PrO.-er, '1Q (1955) lm!rence Radiation. 
'1.e.b. Rept. VCEL-4477. University of Oal:i:to:mia, Livemore 11 
Oalii'ornin. . 

·);r;;::::S'· ... 
39:5•. __ e.nd SJ.ager1 D.lllo {1950) Jo Appl, !'b,ye~ · .. ;· 

395. Woj£Cask~K.. ( 1960 ) I>e:ttr. Plasma. ptjy!i, 

:596f Wu, O,s, {1965 ~· 'Rev, 

,91. --· (1965) ibid 
. ' ' ' . 

'at 
u 

2 • 

~'~·, 

1 
ill:· 

:t40 ==. 

..· ... · .. 

'' 1 

59 

30 

~ 5\ 

A ll'b 

398. Yewa, !.H.Y, mid Sap:m, J. (1957) Proo, . l~llJ• Soc. (Iondon), "zg· .<~563 

. ,99, Iosel11M., ~atY•t :m:e~.~·• ·S~iMn ~!e. and 
~to,K. ( 1969) Bull~~~ .E:tecrtrotech., :Wb. (Japan )• . 

267, 271 


